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ABSTRACT 
While t r y i n g to i s o l a t e the enzymes, r e s p o n s i b l e for the 
b i o s y n t h e s i s of opium a l k a l o i d s , a d i s t i n c t phenolase complex 
system has been r ecogn i sed i n P.somniferum. By the phenolase 
complex i s meant t h a t p a i r of enzymatic a c t i v i t i e s occur ing t o g e -
t h e r , a s s o c i a t e d with copper p r o t e i n and r e spons ib l e fo r the 
o-hydroxyla t ion of phenols and dehydrogenat ion of o-d ip i ienols . 
The phenolase complex of P.somniferum d i f f e r s from l accase 
i n t ha t i t does not c a t a l y s e t h e o x i d a t i o n of q u i n o l , v e n i l l i n 
and p-phenylene d iamine . I t d i f f e r s from t y r o s i n a s e because i t 
does not ox id i se t y r o s i n e e i t h e r i n presence or i n absence of 
added c a t e c h o l . Hov/ever, i t c a t a l y s e s the ox ida t ion of DOPAHIKE, 
DOPA, c a t e c h o l , p - c r e s o l and t y r amine . I t d i f f e r s from t y r o s i n a -
ses so far known because i t does not ox id i se t y ro s ine e i t h e r i n 
presence or i n absence of added c a t e c h o l . This d i s t i n c t 
phenolase complex i s d i s t r i b u t e d i n a l l t h e t i s s u e s of P .somni-
ferum s tud i ed vvrhich i nc luded r o o t s , l e a v e s , s tems , buds and 
f r u i 13 , 
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The phenolase complex of P.somniferum was inh ib i ted by 
sodium diethyldi thi0carbamate, sal icylaldoxime, potassium ethyl 
xanthate and thiourea which suggested tha t the enzyme i s a copper 
containing p ro te in . The enzyme was also inh ib i ted by metal l ic 
ions which are known to compete with copper such as Ag , Hg "*" and 
+++ Au, These r e s u l t s together with other observed evidences 
suggested that phenolase complex of P.somniferum i s a copper 
containing p ro te in . 
In order to gain more i n s i s t in to the nature of the 
phenolase complex of P.somniferum, de ta i l ed k ine t ic s tudies were 
undertaken. 
The formation of quinones during the oxidation of DOPAMINE, 
DOPA, catechol , p-cresol and tyramine, by phenolase complex of 
P.somniferum has been demonstrated. The an i l ino der iva t ives of 
quinones, i . e . dianilino-o-benzoquinone and dianilinohomoquino-
nean i l , produced by the act ion of phenolase complex on catechol 
and p -c r e so l , r e spec t ive ly , have been i s o l a t e d and i d e n t i f i e d . 
The i s o l a t i o n of these der iva t ives as the products of catechol and 
p-cresol oxidation in presence of phenolase complex indicated that 
o-benzoquinones are foriiEd under these conditions and f i r s t step 
h 
i n the oxidation of monophenols i s o-hydroxylation. 
The oxidation of DOPAMIIS, DOPA and tyraiaine, formation of 
o-benzoquinones and eventual deposit ion of blade react ion products 
suggested that the pathv/ay for melanin biosynthesis may be 
operative i n P«somniferun« 
The enzyme iias been pur i f ied 47--fold from the acetone 
powder ex t r ac t s of P.somnifeimm using ammonium sulphate p r e c i p i t a -
t ion method, GM-cellulose and DEAE-cellulose chromatography. The 
propert ies of p a r t i a l l y pur i f ied preparat ions have been studied, 
V/ith a l l the phenolic compounds mentioned above, except tyramine , 
s t ra ight l ines have heen obtained in Lineweavor and Burk rec ip ro-
cal p l o t . V/ith tyramine as subst ra te the reciprocal plot indicated 
subs t ra te i n h i b i t i o n . The Km values obtained with these prepara-
t ions show that phenolse complex of P«somniferum has higliest 
a f f in i ty for DOPAMIilE i n comparison to other mono- and di-phenols 
t e s t e d . 
The p roper t i es of phenolase complex in r e l a t i o n of melanin 
biosynthesis and the fa i lure to demonstrate the presence of DOPA 
decarboxylase and ataine ojcLdase in P.somniferum in re la t ion to the 
biogenesis of opium a lka lo ids have been discussed. 
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IV. I N T R O D U C T I O N 
Oxidation of Phenols 
The enzymic oxidation and coupling of phenols i s a 
subject of considerable importance i n biochemistry because 
biosynthesis of a wide range of natural products including 
l i gn ins , melanins, a n t i b i o t i c s and a lka lo ids are known to 
involve oxidation and coupling of phenols ( 1 , 2 ) . The rapid 
browning of cut or damaged surfaces of f r u i t s and vegetables 
i s caused by the products of enzymic oxidation and coupling 
of phenolic cons t i tuen ts (5 ) . The enzymic oxidation and 
polymerization of phenols may also be responsible for the 
protect ion of damaged p l an t s from fungal and v i r a l i n f ec t i ons . 
I t i s believed that the polymers thus formed may inh ib i t the 
enzynes of invading microorganisms (4 ) . I t i s suggested that 
browning reactions are concerned with wound healing (5,6,7 )• 
I t has been concluded, from the experiments i n which the 
added subs t ra te was ca techol , protocatechxiic ac id , g a l l i c and 
caffeic ac id , t y ros ine , DOPA, p h e n o l , ' p - c r e s o l , 3,4-dimethyl 
catechol (8,9f10,11 ,12) , e x t r a c t s of potatoes containing 
na tura l ly occuring phenolic substances (8) or chlorogenic 
acid (13)» tha t the phenolase complex plays a ma^or role 
among terminal oxidases in white and sweet po ta toes . The 
role of phenolase complex i n terminal oxidation has a l so 
been analysed by means of se lec t ive i n h i b i t o r s (14,15,16,17,18), 
In order to gain a thorough understanding of the above 
b io logica l processes i t i s necessary to know the s p e c i f i c i t e s , 
C-
phyBiochemical p roper t i es and k ine t i c s of phenol oxidising 
enzymes. Unfortunately, very l i t t l e information i s available 
about such enzymes. The most d i f f i c u l t problem presented to 
a reviewer of the enzymic oxidation of phenols i s the 
c l a s s i f i c a t i o n of the well inves t iga ted , but i l l understood, 
enzymes such as laccase (p-diphenol: oxygen Oxidoreductase 
(EC 1,10.3.2)) (19),peroxidase (donor: hydrogen peroxide 
oxidoreductase (EC 1.11.1 .7 , ) (20) and tyrosinase (phenolase 
complex or o-diphenol: oxygen oxidoreductase (EC 1,10,3.1.) 
(19,20) . There i s much evidence to favour the sub-division 
of these three c lasses of phenol oxidis ing enzymes since each 
family d i f fe r s somewhat in i t s phys ica l , chemical and b i o -
chemical p roper t i es (21,22,23,24) . 
Enzymes Catalysing Oxidation of Phenols - As discussed above 
the three main classes of enzymes, known to catalyse phenol 
oxidation, are laccases, peroxidases and phenolase complex. 
Several species of fungi and bacteria possess these enzymes 
which are responsible for the production of metabolites which 
could arise from the oxidation and coupling of phenols. 
Whether these enzymes belong to the three main classes or 
whether they have difierent characteristics is yet unknown. 
Investigations designed to isolate and study the properties 
of these enzymes would undoubtedly prove fruitful for the 
understanding of the coupling reactions that occur in nature. 
1, LACCASES 
Laccase was f i r s t detected i n 1883 by Yoshida in the 
l a t e x of Japanese lacquer t r ee Rhus ve rn ic i fe ra (25), I t s 
subst ra te spec i f i c i t y and the nature of the products r e su l t i ng 
from simple phenols were inves t iga ted by Bertrand {26,27), 
Subsequently, Kei l in and Mann (28) considerably pur i f ied the 
enzyuB preparat ion and es tab l i shed that i t was copper containing 
pro te in . More recent inves t iga t ions are concerned v/ith the 
physicochemical p roper t i e s of pur i f ied enzyme preparat ions 
(29,30,31,32) and s t ruc tu res of the products formed (21,33,34). 
( i ) Occurrence - The ear ly i nves t i ga t i ons of Bertrand and 
l a t e r works (21,29,32,35) show that laccases are widely 
d i s t r ibu ted i n plant kingdom. They are known to occur i n wood 
r o t t i n g fungi and i n bac te r i a (37,38,39,40,41,42) . However, 
the evidence for i t s occurrence in animal kingdom i s sparse 
and unsat is factory (43,44,45,46,47,48,49) . The methods used 
to inves t iga te the enzymes are important because the value of 
claims to have detected and dis t inguished the enzyme from other 
phenol oxidases i s very much dependent upon the type of inves t iga -
t ion used. 
( i i ) Physico-chemical Proper t i es - Table I summarizes some of 
the p roper t i e s of l accases . Laccases consist of pro te ins coordina-
ted to copper, Laccases from Rhus ve rn ic i f e ra and Polyporus 
ve rs ico lo r contain four atoms of copper per molecule and have 
similar u l t r a v i o l e t absorption spec t ra , but different 
molecular weights and pH optima ( 21 , 29, 30). The laccases from 
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Rhus vern ic i fe ra and Rhus succedanea d i f i e r s l i g h t l y in the 
posi t ion of t h e i r long-wavelengtnultraviolet absorption bands 
(32) . 
( i i i ) Mechanism - The oxidation of hydroquinone by laccase 
of R«vernicifera (29)niay be represented by the Equation I , 
Equation I ; 
2 Cu (laccase) + hydroquinone v 2Cu"*"(laccase + 2H'*'i-
p-be nzoquinone 
2Cu'*" (laccase) + ^0^ + 2H''" ^ 2Gu'*'"'" (laccase) + H2O 
Hydroquinone + ^Op *• p-be nzoquinone + HpO 
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Nakamura (50) has i n v e s t i g a t e d the l a c c a s e ca t a ly sed 
ox ida t i on of hydroquinone vdth the a i d of an E lec t ron Spin 
Resonance s p e c t r o m e t e r . He observed t ha t the spectrum i s t ha t 
of the a ry loxy r a d i c a l ( I ) , whose formation i s a c c e l e r a t e d by 
l a c c a s e (Eq» I I ) • This radioed d imuta tes i n t o hydroquinone 
and p-benzoquinone, the hydroquinone r e a c t i n g with more laccase 
to r e g e n e r a t e the aryloxy r a d i c a l . 
Sq,uation I I ; 
+ 2 Cu'*'+(lacca5e) > + H*+Cu* (reduced laccase) 
0' OH 
nonenzymic, 
OH OH 0 
The f a c t , t h a t l a c c a s e s ac t a s one e l e c t r o n ox idan t s 
and t h a t t h e i r a c t i o n on a v a r i e t y of phenol ic s u b s t r a t e s 
p a r a l l e l s the a c t i o n of one e l e c t r o n ox idan t s (21) which a re 
known t o produce aryloxy r a d i c a l s (51»52,53)» enab le s 
Nakamura's mechanism i n v o l v i n g an aryloxy r a d i c a l t o be 
applied generally to act ion of laccases on i s ( E q . I I I ) . 
Equation H i t 
+ Cu"tlaccase) — ^ [ - " \\ _^* + H + C u^lreduced lac case) 
( iv) Products - The only product i den t i f i ed from the 
laccase catalysed oxidation of/nydroquinone i s p-benzoquinone 
(26). Oxidation catalysed by the laccase from Polyporus 
ve r s i co lo r and from Rhus ye rn ic i f e ra i n the presence of sodium 
r 
benzenesulfinate ye i lds the sulpxiones (22) . 
OH 
laccosep2 
C6H5S02-^ ^ ^ 
5O2C6H5 
OH 
Laccase ca ta lyses the oxidation of catechol and DOPA 
i n the same way as does phenolase complex. I t catalyses the 
oxidation of pyragal lo l to purpurogal l in and t h i s react ion 
9 
has been used for the assay of a l l the three enzymes. 
pyrogallol purpurogall'tn 
2. PEROXIDASES 
Peroxidases catalyze the oxidation of various subs t ra tes , 
including phenols, by hydrogen peroxide. 
( i ) Occurrence - The enzyme has been detected i n p lan ts , 
fungi, bac te r ia and animals. Several different peroxidases 
have been i so l a t ed and i den t i f i ed , some of them i n c rys ta l l i r 
s t a t e , for example, horseradish peroxidase (54), myeloperoxi 
from leucocytes (55) and lactoperoxidase from milk (56), 
- 10 -
JI 
( i i ) Physico-chemical Character s t i e s - Table I I gives a 
summary of the important c h a r a c t e r i s t i c s of t t e enzyme. Horse-
radish peroxidase cons is t s of a pro te in (apoenzyme ) together 
with an i r o n porphyrin compound, protohematin IX ( I I ) , as 
coenzyme (57) . The enzyme also contains carbohydrate. The 
i ron atom i s t h o u ^ t to be surrounded octahederal ly by the 
porphyrin, the protein and another l igand for exanple HpO 
( I I I ) (55,57,58) . 
CH=CH2 
CH=CH2 
CII3 
CH2CH2COOH 
Protohematin IX 
Protein 
cm 3 
H20^ 
( i i i ) Mechanism - Electron spin resonance measurements (59) 
have es tabl ished that oxidation of hydroquinone by the 
peroxidase-hydrogen peroxide complex produces the aryloxy 
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r ad ica l . This confirms e a r l i e r spactrophotometrie (60)and 
potentiometric (61) s tudies which es tab l i shed that the 
peroxidase complex ac t s by a one e lec t ron oxidation 
mechanism (Eq,IV)» 
Equation IV; 
- ^ ^ H \ < > 
" ^ ^ 
< > 
( iv) Products - The products of peroxidase catalyzed 
oxidations of phenols, usually p a r a l l e l those produced 
chemically by one e lec t ron oxidants and therefore aryloxy 
r ad i ca l s appear generally to be in te rmedia tes , 
Pough and Raper (62) i so l a t ed the anLlino compound (IV) 
from peroxidase catalyzed oxidation of catechol with H^ O 
C IVJ 
*> 
o 
Peroxidase c a t a l y s e s the o x i d a t i o n of p y r a g a l l c l t o 
p u r p u r o g a l l i n i n presence of hydrogen pe rox ide . 
3 . PHSII0LA33 C0M?I3X 
Phenolase complex (Tyros inase) can c a t a l y s e two types 
of o x i d a t i o n s : 
( a ) o -hydroxy la t ion of monohydric phenols to 
form di hydroxy compound (Eq. V) 
("b) Oxidat ion of d i h y d r i c phenols to corresponding 
quinones (Eq« V I ) . 
Equation V: 
OH OH 
^ ^ ^ 
phenolase 
complex 
OH 
Equat ion VI: 
OH 
0° H 
0 
II 
phenolase^ 
complex 
-.0 
" ^ ^ 
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The occurrence of f i r s t react ion d i f fe ren t i a t e s 
tyrosinase sharply from l accase . The second react ion , involv 
oxidation and coupling of polyhydric phenols. 
( i ) Occurrence - Phenolase complex ( tyrosinase) i s widely 
d i s t r ibu ted i n na tu re , but i t s presence i n mammals has not be 
so easy to demonstrate, Onslow (63) reported i t s ext ract ion 
from the skin of r abb i t s of various coloured races . Gessard 
(64) showed the presence of the enzyne i n c u t t l e f i s h , Pihey 
(65) reported i t s presence i n the blood of cer ta in Crustaceas 
Bhagvat and Richter (66) found evidence for the presence of 
the enzyiiE i n the blood of arthropod^s. More complete 
account of t he i r occurrence i n p lants (67), i n wood ro t t i ng 
fungi (38) and i n mammalian t i s sue (68) have already been 
reviewed. Gare must be excerc ised, however, to in t e rp re t the 
data as many of the inves t iga t ions c i t ed do not d i f fe ren t i a te 
c l ea r ly betv/een phenolase complex and laccase . 
The sources mostly used for obtaining preparations 
of phenolase complex and for the study of t he enzyme and i t 
act ion have been the potato (solanum tuberosum) and common 
mushroom (Psa l l i o t a campest r l s ) . The larvae of the meal wor 
(Tenebrio mol i to r ) , the wild mushroom (Lactarius piperatus) 
(69) , the blood of the octopus (70), the Indian bean (71) 
and wheat bran (72) have a l so been used. 
( i i ) Physico-chemical Charac te r i s t i c s - The conclusions dr 
from many inves t iga t ions on p a r t i a l l y purif ied phenolase 
complex ( tyros inase) preparat ions have been summarized in 
Table I I I (69,73,74,75) . I t should be however, pointed out 
that pu r i f i ca t ion of tyros inases i s a very d i f f i cu l t t ask , 
as they usual ly occur in t i s sue in very low concentrations 
together with p o t e n t i a l subs t ra tes whose removal i s necessar 
during p u r i f i c a t i o n which r e s u l t s i n heavy losses of the 
enzyme. 
Phenolase complex consis ts of pro te in coordinated to 
copper and no coenzyme appears to be required for the 
a c t i v i t y . The copper i s firmly bound to the prote in but can 
be removed by d i a ly s i s against O.OIM HCN, followed by 
d i a ly s i s against phosphate buffer . 
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One of the most s t r i k ing cha rac t e r i s t i c s of oxidati< 
of catechol by phenolase complex i s the pronounced 
i n a c t i v a t i o n or des t ruc t ion of the enzynB that occurs durir 
the course of r eac t ion . The enzyme inac t iva t ion i s so 
read i ly apparent during the course of the reac t ion that mar 
i nves t iga to r s have concerned themselves vn.th the problem. 
Because of the character of inac t iva t ion i t seems at f i r s t 
l og i ca l to a t t r i b u t e i t to the des t ruc t ive act ion of the 
products formed during the course of oxidation, Ludwig and 
Nelson (76), however, conclusively demonstrated that the 
inac t iva t ion i s not due to o-benzocLuinone or any of i t s 
polymerization produc ts . Keeping in view that a l l known 
products of oxidation of catechol have been eliminated in 
t h i s considerat ion, i t would appear tha t i nac t iva t ion occui 
as a d i rec t r e su l t of the c a t a l y t i c ac t ion of the enzyme ar 
i s due to some fac tors inherent i n the subst rate-enzyme-
oxygen system. 
During the aerobic oxidation of catechol i t i s 
usual ly observed that the r a t e of oxygen consumption fa l l s 
off rapidly from the moment the react ion i s s t a r t ed and 
A Q 
1 J^ 
unless r e l a t i v e l y large amounts of enzyme are employed 
i n i t i a l l y , the oxidat ion stops before the catechol i s 
completely oxidised. This i s due to rapid inac t iva t ion of 
enzyme during the r eac t ion . I t i s therefore d i f f i cu l t to 
obtain r e l i ab le measurements of i n i t i a l ra te of oxidation. 
Different i nves t iga to r s have attempted to get around t h i s 
problem i n following ways. 
From the quan t i t a t ive view point the e a r l i e r 
color imetr ic methods of enzyme assay were not very sa t i s f ac to 
and have been la rge ly replaced by manometric methods. The 
ra te of pigmentation during the enzymic oxidation i s not 
necessar i ly proport ional to the ra te of oxidation or to the 
amount of enzyme. The pigment development i s markedly 
influenced by fac tors such as pH, the presence of amino acids 
the presence of reducing agents such as ascorbic acid . I t 
must be pointed out that i f any s igni f icant amount of redx«;ini 
material such as ascorbic acid i s also present i n the plant 
t i s s u e , there i s l i k e l y to be no colour development for somet; 
even though the t i s sue contains appreciable amount of phenola 
19 
Graubard and Nelson (77) used the volume of oxygen 
absorbed in s ix ty minutes as a measure of enzyme a c t i v i t y , B' 
Nelson and Dawson (78) showed that a unit of enzyme based on 
the volume of oxygen absorbed during the inac t iva t ion process 
va r i e s i n magnitude from one preparat ion to the other, dependj 
la rgely on the method of i s o l a t i o n and pur i f i ca t ion , 
Gregg and Nelson (79) used ge la t in i n the incubation 
mixture to protect the enzyme against i nac t i va t i on . I t was 
observed by Miller and Dawson (80) that the protect ive action 
of ge la t in was variable snd depended on a number of fac tors , 
Kei l in and Marm (74) made no statement regarding the possible 
er ror in t h e i r measurements, but i t i s to be noted that they 
used very large amounts of enzyme for determination, 
Kubowitz (73) estimated the ac t iv i ty of liis potato 
oxidase preparat ion by determining the ra te of aerobic 
oxidat ion of he xose monophosphate i n the presance of i t s dehyd-
rogenase, NADP and a very small amount of ca techol , Kubowitz 
showed that the r a t e of oxygen uptake was proport ional to the 
enzyme concentration for twenty minutes. Probably because of 
the complexity of the system and because of the fact that 
,4 V 
oxygen uptake was dependent on pther fac tors i n the system ths 
the enzyme, and i t involves agents which are not always eas i ly 
ava i l ab le , Kubowitz method of measuring a c t i v i t y has not found 
wide app l ica t ion . 
Adams and Nelson (81 ) added hydroquinone and ge la t in 
i n the incubation mixture and obtained l i n e a r react ion course. 
More recent s tudies have shown that hydroquinone does not act 
merely as a reductant for the o-benzoquinone but under ce r ta in 
conditions i t i s oxidized by the enzyme (82), These ef fec ts 
vary widely under different condit ions (80,83 )• 
Nelson and Dawsen (78) f i r s t pointed out tha t re l iab le 
a c t i v i t y neasurements should be based on i n i t i a l react ion 
ve loc i t y . The lack of prec is ion inherent i n manometric 
methods, when attempts are made to take readings of oxygen 
uptake within the f i r s t two or three minutes, makes determination 
of i n i t i a l ra te impract icable . I t i s poss ib le , however, to 
follow with good prec is ion the production of o-benzoquinone 
during the ear ly stages of r eac t ion . Nelson and Dawson t h e r e -
fore developed a new method, ca l led chronometric method, since 
i t involves a measurement of time required for a given quantity 
0 1 
of enzyme to produce o~benzoquinone jus t in excess to that 
necessary to oxidise a small amount of ascorbic acid a l so 
present in the system. The authors have pointed out that i n 
t h e i r system ascorbic acid was not d i r ec t l y oxidised by the 
enzyme nor i t e f fec t s i nac t i va t i on c h a r a c t e r i s t i c of the enzyme. 
This HBthod i s l i k e l y to give erroneous r e s u l t s in the system 
where ascorbic acid i s d i r e c t l y oxidised by ascorbic acid oxidase 
present t he r e in . In such a case the only choice remains that 
of manometric measurements of oxygen consumption, a l t h o u ^ there 
' i s a l l the likelyhood of the possible e r r o r . 
( i i i ) Mechanism - Phenolase complexes are capable of ca ta lyz-
ing the oxidation of mono as well as o-polyhydric-phenols . 
The mechanism of t h i s process i s at present obscure. I t would 
appear that aryloxy r ad ica l s must be produced, which leads to 
the conclusion that copper i s ac t ing in cupric s t a t e . There are 
differences between the act ion of phenolase complex and that 
^ of l accase , which points a difference i n mechanism. From 
p r a c t i c a l as well as mechanistic point of view, d i f fe ren t i a t ion 
of phenolase complex from laccase i s important (Table IV), 
Some of the t e s t s l i s t e d i n the t ab l e IV should be applied in 
n, q, 
a l l work on mul t ip l i c i ty and f rac t ionat ion of phenol oxidases. 
( iv) Products - Phenolase complex catalyzed oxidation of 
catechol a l so ye i lds o-benzoqiiinone as does laccase catalyzed 
reac t ion . Pough and Raper (62) car r ied out the oxidation in th 
presence of an i l ine and i so l a t ed dianilino-o-benzoquinone. 
civa 
Idlanilino- o - benzoquinone) 
P i a t t e l l i e t . a l (84) have suggested t h a t the s t r u c t u r e s 
of t h e type (V) could a r i s e by o x i d a t i v e coupl ing of c a t e c h o l . 
I n support of t h i s view Nicolaus and P i a t t e l l i (85) have shown 
t h a t phenolase c a t a l y z e s the o x i d a t i o n of t h i s compound. 
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Fig. 1. Pathway for melanin biosynthesis , 
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weight polymer. Melanin with i t s react ive groups can combine 
with prote ins to produce the dark pigments. 
Inves t iga t ions on the s t ruc tu re of sepiomelanin a 
nitrogeneous melanin from c u t t l e f i s h ink , have shown (88) that 
some s t ruc tu res of the t;/pe VI, VII and VIII are present . 
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V. M A T E R I A L S A N D M E T H O D S 
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1. Chemicals - The following chemicals were obtained commer-
c i a l l y and used without further pur i f i ca t ion : 3,4-dihydroxy-
phenylalanine (DOPA), 3,4-dihydroxy-phenyl-ethylamine (DOPAMINE 
threamine, nor-leucamine, B-phenylethylamine, tyramine, seramin^ 
cadaverine, putrescine , 3-methoxy-4-hydroxy-phenyl-ethyla.mine, 
valamine, his tamine, tryptamine, leucamine, tyrosine and 
phenylalanine were purchased from Galbiochem, U.S.A. Catalase 
was chained from Sigma Chemicals Co., U.S.A. Bovine serum 
albumin was purchased from Mann Research Laborator ies , U.S.A., 
i n c rys ta l l ine form. Rest of the chemicals used were of A.R. 
grade. 
2 . Plant Mater ia ls - The p l an t s were e i t h e r grown in the 
garden of the department or i n the wooden po t s , 
3 . Enzyme Preparat ions -
(i ) Crude Homogenate (10 ^ , w/v) - The plant material washed 
free from so i l was accurately weighed and t rans fe r red to a 
ch i l led Potter-Elvehjem a l l g lass homogenizer containing 0.02i-i 
28 
sodium phosphate buf ie r , pH 7.0, The homogenization was carrie« 
out for 15 minutes. The homogenate was squeezed through two 
layers of muslin c loth and centrifuged at 1,200 x g for 15 
minutes to remove ce l l deb r i s . The supernatant thus obtained 
was used as a source of crude enzyme, 
( i i ) Acetone Powder Extracts (10^, w/v) - Acetone dried 
powders were prepared by placing the cut plant i n a chi l led 
0 
waring blender, covering with 5 volumes of cold acetone (-10 ) 
0 
and blending vigrously for one minute. The resu l t ing s lur ry wa 
quickly f i l t e r e d with suction through the Buchner funnel, the 
residue spread out on f i l t e r paper, dr ied at room ten^erature 
and s i f t ed through wire mesh. The acetone dried powder thms 
0 
obtained was stored in a desiccator at 4 . 
Acetone powder of whole plant (10^, w/v) was suspended 
i n 0,02 M sodium phosphate buffer , pH 7 ,0 , The suspension was 
0 
mechanically s t i r r e d for half an hour at 5 and then squeezed 
t h r o u ^ two layers of muslin c lo th . The ex t rac t obtained was 
centrifuged a t 10,000 x g for 15 minutes to remove f loat ing 
p a r t i c l e s . The suspension was used as a source of enzyme. 
4, Manometric Studies - Manoiaetric experiments were carried 
0 
out at 30 in a conventional Warburg apparatus using single or 
double arm flasks shaken at 105 s t rokes per minute (89) . 
For oxygen uptalce s tud i e s , the center well contained 
0.2 ml of 20 ?S KOH and a small r o l l of f i l t e r paper. For follov 
ing carbon dioxide evolut in and concurrent oxygen u t i l i z a t i o n , 
KOH was omitted from the center well and the ind i rec t method of 
V/arburg was used. In a l l the cases, unless indicated otheirwise, 
a i r was used as gas phase. The ra te of oxidation as well as 
carbon dioxide evolution has been calculated from the i n i t i a l 
r a t e . One enzyme uni t i s defined as the amount of enzyme which 
i s responsible for the consumption of one micro l i t e r of oxygen 
per hour. The speci f ic a c t i v i t y has been expressed in terms of 
enzyme un i t s per mg p r o t e i n . 
5 . Estimation of Ammonia - This was estimated by the modifief 
ae ra t ion method of Van Slyke and Cullen. In the orLgiJial 
procedure the aerated ammonia i s absorbed in standard acid and 
the acid back t i t r a t e d with standard a l k a l i . In the modificatic 
30 
described here , the ammonia i s absorbed i n boric acid solution 
and t i t r a t e d d i r ec t l y with standard acid (90), 
2 ml of incubat ion mixture was placed in one of the two 
large t e s t tubes used i n the ae ra t ion t r a i n . The t e s t tube was 
connected for ae ra t ion with a second tube containing 25 ml of 
2fo bor ic acid containing bromocresol green ind ica to r . The 
stopper of the tube containing the incubation mixture was 
removed and 5 ml of sa tura ted potassium carbonate solut ion adde 
The stopper was placed t i g h t l y and t 1B a i r current flown. The 
incoming a i r was washed by preliminary passage through a simila 
aera t ion t r a i n t e s t tube containing 10^ sul fur ic acid to remove 
any ammonia present . After one hour of ae ra t ion , the tube 
containing boric acid solut ion was removed, t h e i n l e t tube rins 
and the contents were t i t r a t e d with 0,01 N su l fur ic acid un t i l 
blue colour, i f any, i s replaced by or ig inal yellow green colou 
as determined by matchirg against a control (25 nil port ion of 
boi lc acid ind ica to r d i lu ted with water to approximately the 
f inal volume of the t i t r a t e d sanp le ) . 
Boric acid so lu t ion containing bromocresol green 
i n d i c a t o r was prepared by dissolving 20 gm of boric acid in 50C 
3 1 
of hot water. 2 ml of 0 , 1 ^ bromocresol green i n alcohol was 
added to the cooled bor ic acid so lu t ion and di luted to one 
l i t e r . 
6» Estimation ofCatalase Activi ty - Gatalase a c t i v i t y was 
estimated by potassium permanganate t i t r a t i o n method (92). 
0 
At a temperature of 20 , 15 ml of 0.01 M hydrogen peroxide 
i n 0.01 M sodium phosphate buffer , pH 7«0, was placed in an 
Erlenmeyer f l ask . For zero time reading, 2.0 ml of t h i s solution 
was withdrawn and added to 5 iQl of 2fo su l fur ic a d d for t i t r a t i o n 
with 0,01 N potassium permanganate so lu t ion . 0.1 ml of 1 : lOOO 
di lu ted cata lase was p ipe t ted in to the peroxide so lu t ion which 
was being swirled r ap id ly . Saanples of 2 ml each were rapidly 
withdrawn at 10, 20, 30, 40, 50 and 60 seconds and blown out 
i n t o separate f lasks containing 5 ml of 2% su l fur ic ac id . From 
the equation: 
K = 4 - 1°S10 - r ~ . 
( a - X ) 
where a i s the i n i t i a l hydrogen peroxide concentration and 
Fig, 2» Monomolecular ve loc i ty constants Vs time plot 
fcr ca lcula t ion of Kat.f . value of c a t a l a se . 
See text for d e t a i l s . 
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( a - X ) i s the concentration at time t , k values for various 
time i n t e rva l s were calculated and K value at zero t ine obtained 
by ext rapola t ion ( i l g . 2 ) . Using t h i s value for K, the 
Katalasefahigkeit (Kat. f , ) 
Kat. f. K 
g, enzyme 
was found to be 2,30,700. 
7, Estimation of Hydrogen Peroxide - Hydrogen peroxide forma-
t ion was tes ted by method of Tabor (91 )• The decrease in 
oxygen uptake i n presence of i n i t i a l l y added catalase was used 
as a measure of hydrogen peroxide formation. 
8, Estimation of Quinones « The method en^loyed was e s sen t i a -
^.ly the same as tha t of Dawson and Nelson (93) . I t i s based on 
the principle that iodine set free from potassium iodide by 
o-benzoquinone formed during the react ion i s proport ional to 
the amount of quinone and could be t i t r a t e d with standard sodium 
th iosu l fa te so lu t ion . 
To the 2 ml of incubation mixture was added, 0,5 ml of 
^0% su l fur ic acid and 1 ml of ^0% potassium iod ide . The 
react ion mixute was allowed to stand i n dark for 15 minutes. 
Four drops of s tarch were added and the blue colour was t i t r a t e d 
against standard 0,0085 N sodium th iosu l fa te so lu t ion . 1 ml of 
0,0085 N sodium th iosu l fa te i s equivalent to 4.25 umoles of 
quinone formed during the reac t ion . 
9, Estimation of Prote in - Prote in was estimated by Polin and 
Ciocaulteu method as described by Lowry e t , a l , (94). 
To 1 ml sample containing su i tab le quanti ty of pro te in , 
9,0 ml of a lkal ine copper reagent ( 1 ml of 0,5?5 copper sulfate 
i n 1^ potassium t a r t r a t e solut ion added to 50 ml of 2$S sodium 
carbonate in 0,1 N NaOH solu t ion) was added and incubated at 
room temperature for 15 minutes. Folin reagent ( I N ) was 
added, mixed i n s t a n t l y and colour density measured a f te r 30 
i l g , 3» Standard curve for protein estimation. See 
text for de ta i l s . 
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minutes in a Klett-Suminerson colorimeter using red f i l t e r against 
the reagent blank. Crys ta l l ine bovine serum albumin solut ion was 
used as standard (Fig, 3)« Under these conditions one Klett unit 
was found to be equal to 0,805 ug of standard p ro te in . 
10, Preparation of Carboxymethyl Cellulose Column - CM-cellu-
lose was suspended i n d i s t i l l e d water and packed uniformly in a 
column ( 1.2 X 15 cm ) without a i r bubbles ge t t ing t rapped, 
200 ml of 1 N HCl was passed t h r o u ^ the column and excess of 
acid washed with glass d i s t i l l e d water t i l l the washings were 
free of acid • 200 ml of 1 N NaOH i s then passed t h r o u ^ the 
column. After removing excess of a l k a l i with d i s t i l l e d water, 
the column was f i n a l l y washed and equ i l ib ra ted with 0,01 M sodium 
chloride i n 0,01 M sodium phosphate buffer, pH 7 ,0 . 
1 1 , Preparat ion of Diethylaminoethyl Cellulose Column - DEAE-
cel lu lose was suspended i n 1 N NaOH taking care to avoid a i r 
bubbles. The pale yellow supernatant was poured off and res in 
washed with d i s t i l l e d water. The r e s i n was packed i n a column 
( 1 X 15 cm ) without a i r bubbles ge t t i ng t rapped. The column 
was washed with large volumes of glass d i s t i l l e d water t i l l the 
washings were free of a l k a l i . The chloride form of the resin 
was obtained by passing 200 ml of 1 N HCl through the column 
and washinig off the excess of acid with g lass d i s t i l l e d water. 
The column was then equ i l ib ra ted with 0,01 M sodium phosphate 
buffer , pH 7.0 , 
VI. R E S U L T S 
1. Oxidation of DOPA by the Extracts of Papaver somniferum -
The roo t s , leaves , stems, f r u i t s and buds or whole seedlings 
of P.somniferum are capable of oxidis ing DOPA, The rate of 
oxygen uptake by the ex t r ac t s of these t i s sues was, however, 
l i n e a r for a very short time (Pigs, 4 & 5 ) . These ex t rac t s did 
not oxidise e i t h e r tyrosine or phenylalanine when tes ted over 
a wide range of pH (pH 5 - 9 ) . The DOPA oxidising a b i l i t y was 
re ta ined by the acetone dried powders of whole p l an t . The 
oxidation of DOPA by the plant ex t r ac t s suggested the presence 
of amino acid oxidase, amine oxidase or phenolase complex in 
P.somniferum. Prom the i n i t i a l rate of oxidat ion, i t may be 
readi ly calculated that there i s not much difference in the 
speci f ic a c t i v i t y of the enxyme oxidising DOPA i n the various 
t i s sues of the p l a n t s . However seedlings seem to contain much 
higher a c t i v i t y as compared to mature p l an t . 
2, Carbon Dioxide Evolution by the Extracts of P.somniferum 
i n Presence of DOPA - Rapid evolution of carbon dioxide, by 
the crude ex t r ac t s of r oo t s , leaves , stems, buds or whole see. 
ing ex t r ac t s i n presence of DOPA, was observed (Figs. 6 &. 7 ) . 
F i g . 4 , Oxidat ion of DOPA by the e x t r a c t s of P.somnifeinim. 
The main compart roe nt of Warburg f l a s k , i n a t o t a l 
volume of 1.8 ml, conta ined 40 >imoles of sodium 
phosphate b u f f e r , pH 7 . 0 , and enzyme p r o t e i n . The 
s ide arm conta ined 4 jumoles of DOPA i n 0,2 ml . 
A. F r u i t s (611 Mg. p r o t e i n ) 
B. Buds (785 Ug. p r o t e i n j 
C. Leaves (1151 Hg p r o t e i n ) 
D. Roots (556 jug p r o t e i n ^ 
E. Stems {379 Mg p r o t e i n ) 
P i g , 5 , Oxidat ion of DOPA by e x t r a c t s of P,somniferum 
s e e d l i n g s . The i n c u b a t i o n mixture was the same 
as desc r ibed for F i g . 4» except t h a t s e e d l i n g s 
e x t r a c t s eq.uivalent to 176 )ig of p r o t e i n was 
used a s enzyme. 
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Tig, 6. Carbon dioxide evolution by the ex t r ac t s of 
P.somniferiun in presence of DOPA, The incuba-
t i o n mixture was the same as described for 
K-g, 4, except that appropriate f lasks conta in-
ing no KOH i n the center well were also included. 
P ig , ?• Carbon dioxide evolution by the ex t rac t s of 
P,somniferum seedlings i n presence of DOPA. The 
incubation mixture was the same as described for 
Pig . 5 , except that appropria te f lasks containing 
no KOH in the center well were a l so included. 
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Under the assay condi t ions , the rate of carbon dioxide evolu-
t ion was found l inea r for 20 to 30 minutes. I t i s apparent from 
the rate of carbon dioxide evolut ion that i n a l l the t i s sues 
t e s t e d , seedlings appear to contain highest speci f ic a c t i v i t y . 
The evolution of carbon dioxide by the ex t r ac t s i n 
presence of DOPA suggested the p o s s i b i l i t y of the presence of 
DOPA decarboxylase i n P.somniferum, But since t h i s decarboxyla-
t i o n was accompanied with the oxidation of DOPA, i t was also 
possible that f i r s t DOPA i s oxidised and the r e su l t i ng product 
i s then decarboxylated. Using acetone power e x t r a c t s of whole 
plant i t has been found tha t the decarboxylation of DOPA was 
completely inh ib i t ed under nitrogen atmosphere (Fig, 8 ) , thereby 
the carbon dioxide evolution i n presence of crude homogenate or 
acetone powder extract may not be due to the decarboxylation of 
DOPA i t s e l f but i t could mean decarboxylation of some oxidation 
product of DOPA. 
5, Oxidation of Various Amines by the Extracts of P.sombiferum -
Table V shows the increased oxygen uptake by the seedlings 
ext rac t of P«somniferum i n presence of various amines. The 
Fig . 8, Carbon dioxide evolution in i ne r t atmosphere. The 
main compartment of Warburg f lask , i n a t o t a l 
volume of 2,5 ml, contained 250 umoles of sodium 
phosphate buffer, pH 7 .0 , and acetone powder 
extract equivalent to 6.5 mg of p ro t e in . The side 
arm contained 4 ;imoles of DOPA i n 0.5 ml. Appropriate 
f lasks containing no KOH i n the cen t ra l well were 
included. Another s imi la r set of f lasks was run 
simultaneously with n i t rogen as gas phase ins tead 
of a i r . 
_^  Air phase 
Nitrogen phase 
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Table V 
Oxidat ion of Various Amines by the E x t r a c t s of P,somniferum 
The Eiain compartment of Warburg f l a s k , i n a t o t a l 
volume of 1»8 ml, conta ined 40 jumoles of sodium phosphate 
b u f f e r , pH 7»0, and 163 Pg of enzyme p r o t e i n . The s ide 
arm conta ined 4 jimoles of s u b s t r a t e , as i n d i c a t e d , i n 0,2 ml. 
S u b s t r a t e 
• 
DOPAMINE 
Tyramine 
DOPA 
Tyrosine 
3-methoxy-4-hydroxy 
pheny le thy l amine 
^-Phenyle thylamine 
Leucamine 
I n c r e a s e d Op 
uptake 
(jul/hour) 
114 
17 
62 
0 
0 
0 
0 
S u b s t r a t e 
nor-leucamine 
Val amine 
Se ramine 
Threamine 
Gadaverine 
P u t r e s c i n e 
Histamine 
Tr5rptamine 
Inc reased Op 
uptake 
Cul/hour) 
i 0 
0 
0 
0 
0 
0 
^5 
<5 
2 - 2 - d i t h i o - b i s ~ 
(e thylamine) <5 Phenyla lan ine 0 
4 4 
r e s u l t s are presented i n terms of increased oxygen uptake per 
hour ra the r than as v e l o c i t i e s , because tyramine i s oxidised 
with l a g phase. I t i s apparent from the data that none of 
the amines except those which contain hydroxyl group i n the 
aromatic nucleus are oxidised by the ex t r ac t s of P.somniferum. 
Cadaverine and pu t resc ine , the best subs t ra tes of amine oxidase 
(95) are not a t a l l oxidised even with as concentrated enzyme 
as 30% l eaf homogenate, Furthermo-re, the oxidation of DOPAMINE 
and tyramine was not accompanied with ammonia and hydrogen 
peroxide formation (Table VI )• No decrease i n oxygen uptake 
could even be noted when ca ta lase was added i n i t i a l l y i n the 
incubation mixture suggesting that no hydrogen peroxide was 
formed during the oxidation of these subs t ra tes (Fig. 9 ) . 
Similar r e s u l t s were obtained with acetone powder e x t r a c t s . 
4» Oxidation of Various Phenols by the Extracts of P.somni^ 
ferum - As shown e a r l i e r , plant e x t r a c t s were unable to 
oxidise phenylalanine, ty ros ine , cadaverine and pu t resc ine . 
Furthermore, the oxidation of DOPAMINE and tyramine was not 
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Table VI 
Oxygen Uptake, Ammonia and Hydrogen Peroxide Formation 
During; the Oxidat ion of DOPAMINE and 
Tyramine 
For oxygen uptake s t u d i e s , the i n c u b a t i o n mixture was 
the same as desc r ibed for F i g , 9 except t h a t no c a t a l a s e was 
added. S i m i l a r mixture was incuba ted s e p e r a t e l y fo r one hour 
for ammonia e s t i m a t i o n a s desc r ibed i n the t e x t . For hydrogen 
peroxide fo rma t ion , see F i g . 9 . 
S u b s t r a t e I n c r e a s e d 0, 
uptake ' 
Ammonia Hydrogen 
peroxide 
DOPAMINE 
( ; i l /hour) 
310 
(jumoles) 
0 
(^amoles) 
0 
Tyramine 167 0 0 
i lg» 9. Effect of ca ta lase on oxygen uptake. The main compart-
ment of Warburg f lask , i n a t o t a l volume of 1.8 ml, 
contained 80 yumoles of sodium phosphate buffer , pH 7 .0 , 
400 Mg ca ta lase and HO jug of 32-fold pur i f ied enzyme 
prepara t ion , (see Table XVI) The side arm contained 
10 ;imoles of DOPAMINE i n 0,2 ml. 
Catalase present 
No cata lase 
10 20 
Time (Minutes) 
30 
accompanied by ammonia or hydrogen peroxide formation. There-
fore i t was concluded that DOPA, DOPAMINE and tyramine ox id i s -
ing a b i l i t y of plant ex t r ac t s was not due to amino acid oxidase 
or amine oxidase but due to phenolase complex a c t i v i t y . 
To t e s t t h i s p o s s i b i l i t y , the a b i l i t y of P«somniferum 
seedl ing ex t r ac t s to oxidise various other phenolic compounds 
was studied. As shown i n the Table VII , o-diphenols l ike DOPA, 
DOPAMINE and catechol were most read i ly oxidised whereas the 
oxidation of monophenols such as p-cresol and tyramine was 
r e l a t i v e l y slow and exhibi ted a l ag phase (Fig. 10) , However, 
m-cresol was not oxidised. Tyrosine was not oxidised even i n 
presence of added catechol (Table VII I ) . These r e s u l t s suggested 
the presence of a d i s t i n c t phenolase complex i n P.somniferum, 
I t i s i n t e r e s t i n g to note that with DOPA, DOPAMINE and tyramine 
as subs t ra tes a black product i s formed while with p -c reso l , 
and catechol red product i s forned i n the react ion mixture. 
Pig, 10, Oxidation of various phenols by the e x t r a c t s of 
P,so3iuiiferum seedl ings . The main compartment of 
Warburg f l a sk , i n a t o t a l volume of 1.8 ml, 
contained 40 ;Lunoles of sodium phosphate buffer , 
pH 7*0, and seedling ex t rac t equivalent to ^3S }xg 
of p ro te in . The side arm contained 4 ^^moles of 
substra te i n 0.2 ml. 
DOPAMINE 
DO PA 
Catechol 
p-cresol 
Tyramine 
© © 
A A 
e^ £^ 
• / 
r 
k-^ 
1 — - ' ^ 
kr^ 
^^u^ 
1 - - L 1 
10 20 30 40 
Time (Minutes) 
50 60 
49 
Table VII 
Oxidation of Various Phenols by the Extracts of P.somniferum 
The incubat ion mixture was similar to that described 
for Fig, 10. 
Substrate Increased Op uptalce 
( j j i l /hour ) 
DOPAMINE 127 
DOPA 61 
Catechol 55 
Tyr amine 28 
p-cresol 45 
Tyrosiiae 0 
Hydroquinone 0 
5-hydroxytryptophan 0 
^ 5-hydroxyanthrinil ic acid 0 
v a n i l l i n 0 
p-phe nyle nediamine 0 
m-cresol 0 
0 
Table VIII 
Efiect of Catechol on Tyrosine Oxidation 
The main compartment of Warburg f lask , in a t o t a l volume 
of 1.6 ml, contained 100 jimoles of sodium phosphate buffer, 
pH 7.0, and acetone powder ex t rac t equivalent to 520 ;ug pro te in . 
One of the side arm'contained 4 Aimoles of tyrosine in 0,2 ml 
while the second contained 4 >imoles of catechol i n 0.2 ml. The 
center well contained 0.2 ml of 20^ KOH. After equ i l ib ra t ion 
for 10 minutes, the contents of the both side arms were simul-
taneously tipped in to the main coi^artment of the f l ask . 
Suitable controls were included t o correct for endogeneous 
uptake of oxygen. 
System Increased 0 uptake 
( pl/hoMT) 
Ext ract 0 
Extract + tyrosine 0 
Extract + catechol 40 
Extract + catechol + tyrosine 40 
ri 
5, Variation of Phenolase Complex Act ivi ty with Age of the 
Seedlings - The cor re la t ion of pehnolase complex a c t i v i t y 
towards dopamine with age of P.somniferum seedlings has been 
inves t iga t ed . At var ious s tages of growth the phenolasa: ac t iv i ty 
was determined. A typica l set of r e s u l t s i s given i n Table IX, 
I t i s evident that the ac t iv i ty increases over a period of 15 
to 19 days and then decreases upto 27&h day when again a r i s e 
i n ac t i v i t y was observed which reached the peak value i n eighty 
days. After t h i s stage of growth, i t was not possible to use 
e n t i r e seedlings as the plant showed well d i f fe ren t ia ted roo t s , 
stems and leaves . 
6, Dis t r ibu t ion of Activity - At l a t e r s tages of growth, when 
sufxicient leaves had developed to enable d i f f e ren t i a t ion 
between stem, leaves and buds , a c t i v i t y was found to be d i s t r i -
buted i n a l l the t i s s u e s t e s t ed (Table X). The ac t iv i ty was 
found progressively increas ing from roots to buds. The ac t iv i ty 
within these t i s s u e s a lso showed va r i a t i on with age . I t i s 
i n t e r e s t i n g to note tha t the a c t i v i t y of buds as well as unfer-
t i l i z e d f r i i i t s was highest as compared to the other t i s sues and 
r o 
Table IX 
V a r i a t i o n on Phenolase Complex A c t i v i t y wi th Age of the 
SeedliHigs 
The main compartment of Warburg f l a s k , i n a t o t a l 
volume of 1,8 ml, contained. 40 ^moles of sodium phosphate 
b u f f e r , pH 7 . 0 , and 0«2 ml s e e d l i n g e x t r a c t . The s ide arm 
conta ined 4 ;:imoles of DOPAMINE i n 0.2 ml. 
Age S p e c i f i c A c t i v i t y 
(days) (wl O^/hr./mg p r o t e i n ) 
8 3246 
11 3552 
15 4439 
19 4443 
23 2619 
27 1574 
40 2892 
54 2753 
67 3533 
79 4279 
Table X 
Dis t r ibut ion of Phenolass Complex Act ivi ty in Various Tissues 
of Papaver somniferum 
The incubation mixture was s imilar to that described 
for Table IX. 
Tissue 
Specific Act ivi ty {}xl/Or^/hr,/mg protein 
107 days 
3570 
5838 
7432 
15452 
112 days 
4950 
5666 
7092 
_ 
119 days 
5590 
5000 
5386 
12886 
Roots 
Stems 
Leaves 
Buds 
Fru i t s (unfe r t i l i zed) - 1386 
Fru i t s ( f e r t i l i z e d ) - - 14462 
?4 
seed l ings . In l i gh t of these observat ions , the progressive 
increase i n phenolase complex a c t i v i t y of P.soioniferum with age 
of the plant and maximum a c t i v i t y i n the buds and f r u i t s may be 
a t t r i bu t ed to the protec t ive coating and fxinctional as well as 
adventi t ious browning capacity of the plant (96). 
7. Kinetic Studies - In order to gain more i n s i s t regarding 
the nature of P.somniferum phenolase complex, de ta i led k ine t i c 
s tud ies were undertaken, 
( i ) Effect of Substrate Concentration - The effect of varying 
concentrations of DOPAMINE and tyramine on the oxygen uptake was 
inves t iga ted . The r e s u l t s are shovm in the Figs . 11 & 12. In 
case of DOPAMINE as subs t ra te , the substra te concentration i s 
p lo t ted against i n i t i a l react ion ve loc i ty whereas i n case of 
tyramine oxidat ion, the subst ra te concentration i s plot ted 
against increased oxygen uptake because of the observed lag 
phase. In case of tyramine, higher concentrat ions were 
i n h i b i t o r y . 
H g . 1 1 , Effect of DOPAMIHE c o n c e n t r a t i o n on phenolase complex 
a c t i v i t y of P,soiiiniferum« The main compartment of 
Warburg f l a s k , i n a t o t a l volume of 1,8 ml, con ta ined 
100 ;umoles of sodium phosphate b u f f e r , pH 7 . 0 , and 
acetone powder e x t r a c t equ iva l en t t o 520 yUg p r o t e i n . 
The s ide arm con ta ined va ry ing c o n c e n t r a t i o n s of 
DOPAMINE i n 0 .2 ml. 
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Fig, 12, Effect 'of tyramine concentration on phenolase complex 
a c t i v i t y of P.somniferum. The incubation mixture was 
the same as descilbed for H g . 11 except that tyramine 
was used as subs t ra te -
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The Km values calculated from the graphs are 1.7X10""^ M 
for DOPAMINE oxidation and 1,0X10" M for tyramine oxidation. 
( i i ) Effect of pH - Pigs . 13 and I4 show the var ia t ion of 
phenolase complex a c t i v i t y with the change of pH using DOPAMINE 
and tyramine as subs t r a t e s . Since with tyramine an i n i t i a l lag 
phasi was observed, the increased oxygen uptake i n 45 minutes 
has been p lo t t ed against pH (Pig, 13). In case of DOPAMINE 
oxidat ion, the ve loc i ty calculated from the i n i t i a l ra te has been 
plot ted against pH (Pig. 14) . The optimum pH for tyramine 
oxidation was 7 .8 . I t i s i n t e r e s t i n g t o note that a t t h i s pH 
tyramine i s oxidised without appreciable lag phase. The 
pH-activity curve of DOPAMINE showed two optimum pH values at 
6.2 and 8 .6 . 
( i i i ) Effect of Inh ib i to r s - The effect of a number of inhibi 
to r s on the oxidation of DOPAMINE by P.somniferum acetone povdf 
ex t r ac t s i s shown i n Table XI. At a concentration of 0,005 M 
semicarbazide, the oxidation of DOPAMINE was strongly inhibi te 
Fig. 15. Effect of pH. The main compartnent of Warburg f lask , 
i n a t o t a l volume of 1.8 ml, contained 100 >imoles of 
sodium phosphate buffer of varying pH, as indica ted , 
and acetone powder ext rac t equivalent t o 520 yxg, prote in . 
The side arm contained 4 ;iimoles of tyramine i n 0,2 ml. 
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F i g . 14 . Ef fec t of pH. The i n c u b a t i o n mixture was t h e same a s 
desc r ibed f o r F i g . 13 except t h a t t h e s u b s t r a t e used 
was DOPAMINE, 
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Table XI 
Effec t of I n h i b i t o r s 
The main compartment of Warburg f l a s k , i n a t o t a l volume 
of 1.8 ml, con ta ined lOOjimoles of sodium phosphate b u f f e r , 
pH 7 . 0 , acetone powder e x t r a c t e q u i v a l e n t to 520 jig p r o t e i n and 
v a r y i n g c o n c e n t r a t i o n s of i n h i b i t o r s as i n d i c a t e d . The side arm 
conta ined 4 >imoles of DOPAMINE i n 0 .2 ml . 
I n h i b i t o r Concen t ra t ion I n h i b i t i o n 
(jimoles) ( fo ) 
Hydroxylamine 
Semi carbazide 
Sodium bisulfite 
Sodium azide 
Thiourea 
Sodium diethyl 
dithiocarbamate 
Potassium ethyl xanthate 
Salicylaldoxime 
Isoamylamine 
Cadaverine 
Put re seine 
2.0 
10 
30 
40 
1.0 
2.0 
10 
30 
40 
10 
20 
2.0 
10 
30 
40 
0.01 
0.1 
0.1 
2.0 
4.0 
0.1 
20 
20 
20 
44 
57 
57 
100 
5.0 
28 
52 
77 
97 
87 
92 
17 
38 
63 
68 
67 
100 
35 
100 
54 
52 
86 
23 
32 
6 
Hydroxylamine was as effect ive i n h i b i t o r as semicarbazide. 
Azide at the same concentration was coraparatively l ess effective 
i nh ib i t o r than hydroxylamine and semicarbazide. Sodium 
b i s u l f i t e had a very strong inh ib i to ry e f f ec t . 
A strong i n h i b i t i o n was observed v/ith sodium diethyl 
dithiocarbamate, potassium ethyl xanthate , salicylaldoxime and 
thiourea. These reagents are usually considered as specif ic 
i nh ib i t o r s of copper containing enzymes. The inh ib i to ry effect 
of thiourea can be considered an addi t ional evidence for the 
absence of amine oxidase i n P«somniferum, since thiourea i s 
known to ac t iva te amine oxidase (97)• 
Certain amines l ike cadaverine, put re seine and isoamy-
lamine, at higher concentrations were s l i g h t l y inh ib i to ry to 
enzyme a c t i v i t y . Isoamylamine was comparatively more strong 
i n h i b i t o r . 
(iv) Effect of Metal l ic Ions - The effect of var ious metall ic 
ions on the a c t i v i t y of phenolase complex v/as t e s t ed (Table XII), 
Only those metals which are known to compete with copper were 
found to have strong inh ib i to ry effect on the ac t iv i ty of enzyme. 
C2 
Table XTI 
Effect of M e t a l l i c Ions 
The i n c u b a t i o n mixture was the same a s de sc r ibed for 
Table XL except t h a t v a r y i n g c o n c e n t r a t i o n s of m e t a l l i c ions 
were added i n s t e a d of i n h i b i t o r s . 
M e t a l l i c i o n Concen t ra t ion I n h i b i t i o n 
Oimoles) ( % ) 
Au"^'^ 0.1 11 
0,2 20 
0.5 40 
2.0 83 
5.0 100 
Hg"*""^  1 . 0 3.0 
10 25 
20 46 
40 100 
Ag"^ 4 .0 6.0 
10 11 
20 43 
40 100 
Cu"^ "*" 1 0 9.0 
20 13 
Mn"^ "*" 20 0 
40 15 
As"^"^ 5 0 
40 4 .0 
\. 0 
None of the metals t e s t ed was found to ac t iva te the enzjrme. In 
contrast to the findings of Bertrajid (98), Mn has no effect 
on the phenolase complex a c t i v i t y of P.somniferum. The i n h i b i -
t ion of phenolase complex by s i l v e r , gold and mercury s a l t s 
fur ther supported the fact that l i k e the enzyme from other 
sources (73, 74, 99), phenolase coii5)lex of P.somniferum i s a 
copper containing p ro te in , 
. . . ! . ! P^somniferum phenolase complex i s indeed a copper contain-
ing enzyme was fur ther demonstrated by the following ind i rec t 
approaches -
( i ) The inh ib i to ry effect of sodium die thyl d i th iocarb-
amate i s re l ieved by addi t ion of excess of copper (Table XI I I ) . 
This type of r eac t i va t i on of mushroom tyrosinase has been 
reported by Tenebaum and Jensen (100), 
( i i ) The i n h i b i t o r y effect of mercury i s re l ieved by 
addit ion of reagents which are known to combine with mercury 
such as cysteine and glutathione (Table XEV & XV). The addit ion 
of these sulfhydryl compounds r e s u l t s i n overcoming t t e inhibi 
t ion due to mercury which was competing with copper. These 
4 
Table XEII 
Inh ib i t ion of Phenolase Complex by Sodium Diethy Dithiocarbamate 
and Recovery of i t s Act ivi ty by Added Cupric Ions 
The main compartment of Warburg f lask , i n a t o t a l volume 
of 1.8 ml, contained 100 ;umoles of sodium phosphate buffer, 
pH 7 .0 , acetone powder ex t rac t equivalent to 520 yxg protein and 
2.0 Aimoles of sodium die thyl dithiocarbamate as ind ica ted . The 
side arm contained 4 jimoles of DOPAMINE i n 0,2 ml. Before addi-
t ion of 2.0 ;amoles of copper sulphate , the contents of the flasks 
were preincubated for 5 minutes. Suitable controls were taken to 
correct endogeneous uptake of oxygen. 
System Percent activity 
Extract + DOPAMINE 100 
Extract + DOPAMINE + Sodium diethyl 
dithiocarbamate 
Extract + DOPAMINE + Sodium diethyl 
dithiocarbamate + Cu 1©0 
?5 
Table XIV 
Inh ib i t i on of Phenolase Complex by Mercuric Ions and Recovery 
of i t s Act ivi ty by Reduced Glutathione 
The main compartment of Warburg f lask , i n a t o t a l volume 
of 1,8 ml, contained 100 Mmoles of sodium phosphate buffer, 
pH 7»0, acetone powder ex t rac t eqtiivalent t o ^20 p.g p ro te in and 
40 jiimoles of mercuric i ons . The contents of the f lasks were 
t h o r o u ^ l y mixed and preincubate for 5 minutes. Different concen-
t r a t i ons of reduced g lu ta th ione , as ind ica ted , were added. The 
side arm contained 4 ;umoles of DOPAMIIffi i n 0,2 ml. Suitable 
control f lasks were taken t o correct for endogeneous uptake of 
oxygen. The enzyme a c t i v i t y of the flask containing no mercury 
was taken as 100, 
System Percent Activity 
Extract + DOPAMINE 
Extract + DOPAMINE + Hg 
Extract + DOPAMINE + Hg"'""'' + glutathione (10 umoles) 
Extract + DOPAMINE + Hg"*""*" + glutathione (20 umoles) 
Extract + DOPAMINE + Hg"*""*" + glutathione (30 umoles) 
Extract + DOPAMINE + Hg"*"*" + glutathione (40 umoles) 
Extract + DOPAMINE + Hg + glutathione (50 umoles) 
100 
0 
9 
59 
65 
68 
100 
\J 6 
Table XV 
I n h i b i t i o n of Phenolase Complex by Mercui lc Ions and Recovery 
Of i t s Act ivLty by Cyste ine 
The i n c u b a t i o n mixture was t h e same a s de sc r ibed for 
Table XIV except t h a t va ry ing c o n c e n t r a t i o n s of c y s t e i n e , a s 
i n d i c a t e d , were added i n s t e a d of g l u t a t h i o n e . 
System Percen t A c t i v i t y 
Ex t r ac t + DOPAMINE 100 
Ex t rac t + DOPAMINE + Hg'^ '*' 0 
Ex t r ac t + DOPAMINE + Hg"^ "*" * c y s t e i n e ( 5 umoles) 4 
Ex t rac t + DOPAMINE + Hg"*"*" + c y s t e i m (10 umoles) 72 
Ex t rac t + DOPAMINE + Hg"*"^  + cys t e ine (25 umoles) 85 
Ex t rac t + DOPAMINE + Hg + cys t e ine (35 umoles) 85 
Ex t rac t + DOPAMINE + Hg"*""^  + c y s t e i n e (50 umoles) 100 
o r? 
sulfhydryl compoxmds do not ac t iva te the enzyce because i t has 
been observed that arsenate or iodoacetate have no appreciable 
inh ib i to ry e f f ec t . 
(v) Activity-Enzyme Concentration Relationship - One of the 
most s t r i k i n g c h a r a c t e r i s t i c s of P,somniferum phenolase complex 
i s the pronounced i nac t i va t i on or des t ruct ion of the enzyme 
during the course of r eac t ion . Some typ ica l r e s u l t s are shown 
i n Figs , 15 & 16. Similar r e s u l t s were obtained with 32-fold 
puri f ied p repara t ions . 
I t appears that during the oxidation of catechol and 
DOPAMINE, the ra te of oxygen consumption f a l l s off within a 
short time and unless r e l a t i v e l y laxge amounts of the enzyme are 
used, the oxidation stops before t he subs t ra te i s completely 
oxidised. In other words the oxygen uptake as a function of 
time as well as enzyme concentration i s l inea r only for a very 
short time. These observations may be due to rapid inac t iva t ion 
of the enzynE during the course of reac t ion . Such inac t i va t i on 
F i g . 15 . Effect of enzyme c o n c e n t r a t i o n on DOPAI-IINS ox ida t i on , 
The main compartment of Ivarburg f l a s k , i n a t o t a l 
volume of 1.8 ml , con ta ined 200 ^imoles of sodium 
phosphate bu f f e r , pH 7 . 0 , ^0% (w/v) l e a f homogenate 
equ iva len t t o d i f f e r e n t c o n c e n t r a t i o n s of p r o t e i n s . 
The s ide arm conta ined 30 ;imoles of DOPAMINE i n 
0.2 ml. 
^ Q 0.562 mg p r o t e i n 
^ 1.125 mg p r o t e i n 
^ ^ 2.25 mg p r o t e i n 
4,51 mg p r o t e i n 
9.0 mg p r o t e i n 
18 mg p r o t e i n 
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Fig, 16. Effect of enzyme corcent ra t ion on catechol oxidation. 
The incubation mixture was t h e same a s described for 
Fig, 15 except that subst ra te used was ca techol . 
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c h a r a c t e r i s t i c s has been reported with phenolase complex of 
other sources (76, 77, 79, 93, 101, 102). 
(vi) Effect of p-phenylenediamine - p-phenylenediamine i s 
knovm to combine with quinones (103), Therefore, i t was 
envisaged t t e t i f product inh ib i t ion i s responsible for inactiva-
t ion process observed above, addi t ion of p-phenylene diamine wil l 
ac t iva te the enzyme by protec t ing i t against inac t iva t ion caused 
by t t e product of r eac t ion . However, a decrease in the rate of 
oxygen uptake was observed i n presence of p-phenylene diamine 
v/hich was accompanied by an increase in the duration of l ineari^ 
(Fig. 17). 
(vii ) Inh ib i t i on of Ascorbic Acid Oxidase - The continuous 
uptake of oxygen by acetone powder ex t r ac t s of P.somniferum in 
presence of ascorbic acid indicated the presence of h i ^ ascor 
acid oxidase a c t i v i t y in the system. The oxygen uptal.<i v/ith 
ascorbic acid and DOPAMIEE together was l e s s than the sum of t 
oxygen uptakes when they are present sepera te ly . These result 
are presented in Fig. 18. Since almost complete oxidation of 
Pig. 17. Effect of p-phenylenediamine. The incubat ion mixture was 
the same as described for Table XI except that 20 ;LUttbles 
of p-phenylenediamine were used ins tead of i n h i b i t o r . 
p-phenylenediamine 
_^ No p-phenylenediamine 
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i l g . 18, I n h i b i t i o n of a s c o r b i c a c i d oxidase by phenolase 
complex of P.somniferum. The main compartment of 
Warburg f l a s k , i n a t o t a l volume of 1.6 ml, conta ined 
100 ;umoles of sodium phosphate bu f f e r , pH 7 . 0 , and 
acetoiE powder e x t r a c t equ iva len t t o 520 ^ g p r o t e i n . 
One of the s ide arm con ta ined 4 ;amoles of DOPAMIiril i n 
0,2 ml while the second conta ined 20 jamoles of a s c o r b i c 
ac id i n 0 ,2 ml. The c e n t e r wel l conta ined 0.2 ml of 
20% KOH. After eqxd . l ib ra t ion for 10 minutes the c o n t e n t s 
of the both s ide arms were s imul taneous ly t i pped i n t o 
the main compartment of the f l a s k . S u i t a b l e c o n t r o l s 
were inc luded to c o r r e c t for endogeneous uptaice of 
oxygen. 
Curve I. Oxidation of DOPAMINE and 
ascorbic acid. 
Curve I I . Oxidation of a s c o r b i c a c i d . 
Curve I I I . Oxidat ion of DOPAMINE. 
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DOPAMINE occurs during the early s tages of oxidation (30 to 
45 minutes) , i t was unl ikely tha t DOPAMIl^  oxidation was i n h i b i t -
ed. The decrease i n oxygen uptake in presence of ascorbic acid 
and DOPAMINE may be perhaps due to the i nh ib i t i on of ascorbic 
acid oxidase by phenolase complex - DOPAMINE system. I t i s 
worthwhile to mention here that i nac t iva t ion of pepsin, t ryps in , 
chymotrypsin and lysozyme i n presence of catechol and inac t iva -
t ion of inver tase i n absence of catechol by phenolase complex 
from other sources has already been reported (IO4, 105, 106,107), 
8 . Formation of Quinones - Pigs, 19 & 20 show the amount of 
quinones formed due to the oxidation of ca techol , DOPAMINE". 
tyramine and p -c r e so l . The shapes of the curves show that not 
only the fornation of quinone was l e s s rapid but th9 quinone 
formation never reached completion and i t s formation was soon 
followed by a sharp disappearance, spec ia l ly when catechol and 
DOPAMINE were used as subs t ra t e s . I t i s not su rp r i s ing that 
under the assay conditions there i s a sharp drop in the amount 
of quinones, since the s t a b i l i t y of quinones depends upon many 
f ac to r s . I t i s known from the work of Ball and Chen (108) that 
Fig, 19. Formation of quinones. The incubation mixture, i n a 
t o t a l volume of 2 ml, contained 100 Aunoles of sodium 
phosphate buffer, pH 7»0, 10 ymoles of s u b s t r a t e , and 
acetone powder extract equivalent to 520 p.g of p ro te in . 
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Fig, 20, Formation of quinones. The incubation mixture was the 
same as described for Fig, 19 except that tyramine and 
p-cresol were used as subs t r a t e . 
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the s t a b i l i t y of quinones diminishes very rapidly as the pH of 
the aqueous solut ion i s increased beyond pH 6 .8 . Likewise from 
the observations made by Dawson and Nelson (109), i t i s evident 
that the unoxidised catechol concentration plays a very impor-
tant irole i n the disappearance of quinone and tha t t h i s effect 
of unoxidised catechol i s a l s o dependent on pH. The samg authors 
have also demonstrated tha t at lower pH values the disappearance 
of quinones i n d i l u t e so lu t ions i s a f i r s t order react ion but 
as the i n i t i a l concentrat ion of the quinone i s increased, the 
r a t e of disappearance becomes too rapid to be accounted for . 
9. I so l a t i on of Quinones - The quinones formed by the act ion 
of P.somniferum phenolase complex on p-cresol and catecol were 
trapped with a n i l i n e . A preliminary control experiment showed 
that ani l ine i s nei ther oxidised by P.somniferum acetone powder 
ex t r ac t s nor i n h i b i t s the phenolase complex a c t i v i t y . Al thou^ 
DOPA and DOPAMINE formed quinones, attempts to i s o l a t e them by 
t rapping with ani l ine fa i led . This i s in agreement with the 
findings of Pough and Raper (62) who a l so showed that although 
pi r^ 
i. i 
DOPA gives r i s e to qui none, i t s t rapping as an i l ino derivative 
was not poss ib le . 
( i ) I so l a t i on of Dianilino-o-benzoquinone - The method was 
e s s e n t i a l l y the same as used by Pough and Raper (62). 
2 gms. of catechol and 4 ml of freshly d i s t i l l e d anil ine 
were dissolved i n about 250 ml of 0.1 M sodium phosphate buffer, 
pH 7 ,0 , To t n i s was addea 250 ml of 20?? acetone powder e x t r a c t . 
0 
The incubation mixture was shaken at 28 for four hours. In 
a few minutes a red colour developed, the l iqu id clouded and 
a f t e r two days red c r y s t a l l i n e needles seperated. F ina l ly , 
incubat ion mixture was ext rac ted with e the r in a l i q u i d - l i q u i d 
e x t r a c t o r . The e t h e r a l layer was extracted with 0,02 N UaOH. 
The NaOH layer was ac id i f i ed with 2% HCl and the red p rec ip i t a t e 
f i l t e r e d , v/ashed with ^% HCl to remove any t races of ani l ine 
and c rys t a l l i zed from acetone. The product was r ec rys t a l l i zed 
0 
from acetone and petroleum e ther (40 - 60 ) , 
The dianilino-o-benzoquinone was obtained in the form 
of b r i ^ t red needles . The c rys t a l l i ne material was soluble in 
/ / / " 
78 
organic so lvsn t s . I t dissolved in cone, su l fur ic acid giving 
olive green colour. I t was soluble i n a l k a l i and a lka l i carbo-
nates giving a purpl ish red so lu t ion , reprec ip i tab le by di lu te 
ac ids . Therefore, the i s o l a t e d compound was iden t i ca l i n a l l 
respects to that obtained by Pough and Raper using mealworm 
enzyme. 
Analysis, CalciiLated for 
C g^ H^^ N2 0^1 C 74.485S; H A*Q3%; N 9.66fo 0 11.03 
Pound: C 74.10^; H 5.09%; N 9.87% 0 10.94 
0 
Melting point (uncorrected) reported 193 
0 
Melting point (uncorrected) observed 193 
The I .R, and U,V. spectra of dianilino-o-benzoquinone i n 
are shown i n Fig. 20 A and 20 B, The I ,R . spectrum of the compound 
' -1 
shows -N-H- streching absorption at 3250 cm , which is indica-
tive of the presence of some hydrogen bonding. The 1450 cm to 
I65O cm" region of the spectrum shows several bands which must 
be assigned to the aromatic nucleus, the quinone carbonyls and 
t I 
the -.C=C~ st reching of the ortho quinone system. The carbonyl 
s t reching i n quinone i s general ly found between I64O cm and 
i g , 20 A, I.xR, spectrum of dianilino-o-benzoquinone (in KBr). 
3 . U.V. spectrum of dianilino-o-benzoq.uinone. 
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1675 cm which may be occasionally s p l i t . In the present case 
conjugation with the an i l ine moiety should lead to a further 
bathochrome shif t i n the >C=0 s t reching . Tte compound can, 
therefore , be regarded both as a para subs t i tu ted quinone and as a 
vinylogous secondary amide and these s t r uc tu r a l features might 
account for the extremely low frequency of the >C=0 streching 
-1 band which occurs, i n t h i s case , at 1585 shoulder - 1572 cm , 
The -N-H- bending i n secondary amides occurs usually at 1550 cm 
-1 -1 
The 1542 cm and 1512 cm bands can therefore be assigned to th< 
«N-H- bending of secondary amide and might also contain the 
-1 -1 
aromatic bands in the region. The 1610 cm and 1599 cm bands 
t I 
can be assigned to -C=C- of the quinone and benzene r i n g s . I t 
i s , however, d i f f i cu l t i n the presence of corroborative data to 
ce r t a in of the assignments i n t h i s region, A mono subst i tu ted 
aromatic nucleus i s quite c lear ly shown by four bands between 
690 cm'"'' to 775 cm"''. 
As shown, the U.V, absorption maxima of the compound i s a 
390 m )i which i s c h a r a c t e r i s t i c of o-benzoquinone system. 
( i i ) I s o l a t i o n of Dianilinohomoquinoneanil - The method was 
e s sen t i a l l y the same as described by Pough and Rapsr (62). 
V •• - . 1 
2 gms. of p-cresol and 5 ml of freshly d i s t i l l e d ani l ine 
were dissolved i n about 250 ml 0.1 M sodium phosphate buffer, 
pH 7 .0 , and 250 ml of 20^ acetone powder ex t rac t was added. The 
l iqu id became reddish and then a reddish brown p rec ip i t a t e 
appeared a f t e r two days^* The react ion mixture was extracted with 
ether i n l i q u i d - l i q u i d e x t r a c t o r . The ether layer was then 
evaporated. The product thus obtained was crystallized from aceton 
The brownish red needles obtained v^ e^re insoluble i n allcali 
but soluble i n organic so lven t s . With cone, su l fur ic acid i t gave 
a brownish crimson colour, becoming brown then yellow on d i l u t i o n . 
The i s o l a t e d compound was, therefore , i d e n t i c a l i n a l l respects to 
tha t of dianilinohomoquinoneanil (62) . 
Analysis , Calculated for 
^25 ^21 ^3 0 • C 79.15f=; H 5.54f»; N 11.08f.; 0 4.23 
Found; C 78.93??; H 5.37f=; II 11.11f^; 0 4.59 
0 
Melting point (uncorrected) reported 202 
0 
Melting point (uncorrected) observed 201 
The I .R . and U.V. spect ra of dianilinohomoquinoneanil are 
compound 
shown i n Figs. 20 C and 20 D, The I .R. spectrum of t h e / i s similar 
F i g . 20 G« I . R . spectrum of dianilinohomoq.in, none a n i l ( i n KBr), 
D, U»V. spectrum of d ian i l inohomoquinonean i l . 
i.000 3000 
100 
200C 1500 CM-1 1000 900 8B0 7 00 
250 J M 350 too i 50 
WA'-E LlN6THImM} 
7 8 9 10 11 
WAVELENGTH(MICRONS) 
n 15 
O 9 
0 ? i 
t o t h a t of d i an i l ino -o -benzoqu inone but the a b s o r p t i o n p a t t e r n m 
-1 -1 
the 1500 cm -1600 cm reg ion i s s i m p l i f i e d and shows bands a t 
1632 cm"'' ( >C=0), 1600 cm"'', 1578 cm"'' ( a romat ic ) and a very 
J- - 1 I 
broad prominant band a t I5OO cm ( -N-H-bending and a r o m a t i c ) . 
The a romat ic nuc leus i s a g a i n c h a r a c t e r i z e d by four bands between 
690 cm"'' t o 775 cm"''. 
The U.Y. a b s o r p t i o n maxi-ma of the compound i s aga in at 
390 m )i s i m i l a r t o d i a n i l i n o - 0 - benzoquinone. 
10, P u r i f i c a t i o n of Phenolase Complex of P.somniferum - All 
0 
manuplat ions were c a r r i e d out a t 5 un l e s s mentioned o the rwise , 
( i ) F r a c t i o n a l P r e c i p i t a t i o n with Ammonium S u l f a t e - ^0% (w/v) 
acetone powder e x t r a c t of whole p l a n t v/as prepared i n 0,01 H 
sodium phosphate bu f f e r , pH 7«0, as d e s c r i b e d e a r l i e r . To t h i s 
was added s o l i d ammonium s u l f a t e to malce i t 60^ s a t u r a t e d . I t 
S4 
was kept for one hour with occasional s t i r r i n g and then c e n t r i -
fuged at 10,000 X g for 15 minutes. The bulk of the phenolase 
complex present in acetone powder ex t rac t was p rec ip i t a t ed at 
t h i s s tage . The ammonium sulfa te p r ec ip i t a t e was dissolved in 
0,01 M sodium phosphate buffer, pH 7 .0 , dialyzed against two 
changes of 40 volumes 0.01 M phosphate buffer , pH 7.0 , for 
18 hours (Dialyzed Ammonium Sulfate P r e c i p i t a t e ) . 
( i i ) Fract ionat ion of Enzyme on CM-cellulose Column - The 
Dialyzed Ammonium Sulfate P rec ip i t a t e so lu t ion was passed t h r o u ^ 
the column at a ra te of 1 ml / 5 minutes. The enzyme was 
purif ied by " s t a r t i ng condition* proce^dure. The conditions were 
chosen such tha t the enzyme was separated by e lu t ion with e q u i l i -
brat ing buffer . The column was e luted with 60 ml of 0.01 M 
sodium chloride i n 0.01 M sodium phosphate buffer , pH 7.0, The 
e luate was co l lec ted i n 10 ml f r ac t i ons . The enzyme assays were 
made on every f ract ion a f te r appropriate d i l u t i o n . The enzyme 
was not absorbed on the column and the bulk of the a c t i v i t y 
appeared i n f i r s t two f r ac t ions . 
o d 
( i i i ) Fract ionat ion of Bnzyme on DEAE - ce l lu lose Column - The 
combined act ive fract ions of enzyme obtained by fract ionat ion on 
CM-cellulose column were passed through DEAE-cellulose column at 
a flow ra te of 1 ml / 5 minutes. Elut ion was s t a r t ed with 
0,2 M sodium chloride i n 0,01 M sodium phosphate buffer, pH 7.0, 
and 5 nil f ract ions were co l lec ted . The concentration of sodium 
chloride was car r ied upto 0,4 M, Enzyme assays were made on 
every f ract ion a f te r appropriate d i l u t i o n . 
The summary of the ye i lds and degree of pur i f ica t ion of 
a typica l preparat ion of phenolase complex i s shown in Table XVI, 
The specif ic a c t i v i t y of acetone powder ex t rac t was 200, This 
was increased to about 300 by 60$!5 ammonium sul fa te treatment. 
The ammonium sulfate p r e c i p i t a t e solut ion showed no loss of 
ac t iv i ty during d ia lys i s against d i s t i l l e d water or 0,01 M 
sodium phosphate buffer, pH 7 .0 , even when t h i s was prolonged for 
several days. During prolonged d ia lys i s against d i s t i l l e d water 
the enzyme tended to p r e c i p i t a t e but the p rec ip i t a t e could be 
redissolved on addit ion of phosphate buffer. The dialyzed enzyme 
when passed on CM-cellulose column was l e f t unabsorbed and bulk of 
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the ac t i v i t y was obtained in f i r s t two f ract ions with an average 
speci f ic a c t i v i t y value of I4OO, Fig , 21 shows the f rac t ionat ion 
of act ive combined f r ac t ions obtained by CM-cellulose chromato-
graphy on DEAE-cellulose column. Determinations of the proteins 
of the f rac t ions suggested that under the given conditions 
proteins were p a r t i a l l y separated in to three main p a r t s . All 
those f ract ions which were found to contain phenolase complex 
ac t iv i ty were yellow. The f ract ions i n peak B (7-11) which 
contained bulk of the enzyme were yel lowest . The fract ions on 
e i t h e r side of these peaks were colourless a l t h o u ^ they contained 
pro te in . The existance of the two minor peaks A and C may be due 
to the a r t i f a c t of the method. The average specif ic a c t i v i t y of 
the pooled f ract ions of main peak B was 6498 showing a 32-fold 
pur i f ica t ion over the acetone powder e x t r a c t . However, the 
average specif ic a c t i v i t y of f ract ion Nos, 8 and 9 was 9415 
showing a 47-fold pur i f i ca t ion over the i n i t i a l a c t i v i t y . The 
0 
preparat ions were s table at - 10 for three weeks. However, 
complete loss of a c t i v i t y was observed a f t e r three months. 
F i g . 2 1 , E lu t ion p r o f i l e of phenolase con^lex from DK^E-cellulose 
column ( 1 X 1 5 cm.) 
^ ^ Phenolase complex 
^ _ P r o t e i n 
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11. s tudies on P a r t i a l l y Purif ied Phenolase Complex of 
P.somniferum -
(a) Substrate Spec i f ic i ty - Using a substra te concentration of 
0,002 M, the c a t a l y t i c a c t i v i t y of phenolase complex preparations 
towards a number of different subs t ra tes was t e s t ed majiome t r i e a l ly 
at pH 7 .0 . All the s u b s t r a t e s , DOPA, DOPAMINE, tyramine, p-cresol 
and catechol , which were oxidised by crude prepara t ions , were 
also oxidised by pur i f ied ones ( i l g . 22) . A s l igh t difference 
was observed in the r a t i o of oxidation of diphenols t o that of 
monophenols as compared with crude prepara t ions . This may be 
a t t r i b u t e d to the shortening of the l ag phase of monophenol 
oxidation a f t e r pu r i f i ca t ion and not due to the presence of two 
enzymes monophenolase or diphenolase as i t i s well recognised 
tha t single enzyme phenolase complex ca ta lyses the oxidation of 
mono - as well as di -phenols . None of the phenolic substances, 
l ike ty ros ine , v a n i l l i n or hydroquinone, not oxidised by crude 
preparat ions could be oxidised by pur i f ied prepara t ions , 
(b) Effect of pH - The va r i a t i on of a c t i v i t y with pH was 
t e s t ed in sodium phosphate buffers with 0,002 M concentration of 
Fig. 22. Oxidation of var ious phenolic subs t ra tes by p a r t i a l l y 
purif ied phenolase complex preparat ions of P.somniferiim, 
The main compartment of Warburg f l a sk , i n aT^olEaF volune 
of 1.8 ml, contained 80 jimoles of sodium phosphate buffer , 
pH 7 .0 , and 94 Wg of 32 fold pur i f ied enzyme p r o t e i n . The 
side arm contained 4 ^imoles of s u b s t r a t e , as ind ica ted , i n 
0.2 ml. 
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different subs t r a t e s . There was no appreciable difference in 
pH of the incubation mixture before and a f t e r the reac t ion . The 
pH - a c t i v i t y curves of monophenols, e«g , , p-cresol and tyramine 
show optima at pH 7.8 (Fig. 23). The same observations were 
recorded with crude p repara t ions . The diphenols on tne other 
hand exhibited the lack of a well defined optimum pH, The two 
optimum pH vaules which were noted with crude preparat ions for 
DOPAMINE could not be demonstrated with pur i f ied preparat ions . 
However, maximum oxygen uptake was observed within pH range of 
6,5 to 8,5 as shown in Fig. 24. 
(c) Effect of Substrate Concentration - The effect of substra-
te concentration on the ra te of oxidation of p -c reso l , tyramine, 
DOPA, DOPAMINS and catechol i n phosphate buffer at pH 7.0 i s 
shown in Figs , 25, 26, 27, 28 and 29. As shown i n Fig. 28, 
higher concentrations of tyramine are i nh ib i t o ry . I t i s apparent 
from Km values summarized in Table X7II that DOPAMINE and DOPA 
are more natural subs t ra tes for the phenolase complex of 
P.somniferum. 
(d) Effect of I nh ib i t o r s - P a r t i a l l y puri f ied preparations of 
Fig, 23. Effect of pH. The incubation mixture was same as 
described for H g , 22 except that pH of sodium 
phosphate buffer var ied as i nd i ca t ed . 
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Fig. 24» Effect of pH. The incubation mixture was the same as 
descilbed for Fig, 22 except tha t the pH of the 
sodium phosphate buffer var ied as ind ica ted . 
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Pig, 25. Effect of DOPAMINE concentration on oxygen uptake. 
The main compartment of Warburg f lask, i n a t o t a l 
volume of 1.8 ml, contained 80 ;umoles of sodium 
phosphate buf fer , pH 7 .0 , and 94 Mg of 52 fold 
pur i f ied enzyme p ro te in . The side arm contained 
varying concentrat ions of DOPAMINE, as ind ica ted , 
i n 0.2 ml. 
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Pig. 26. Effect of DOPA concentration on oxygen uptake. T^e 
incubation mixture was the same as described for 
ilg, 25 except that DOPA was used as substrate. 
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Fig# 27. Effect of catechol concentration on oxygen uptake* 
The incubation mixture was the same as described for 
Fig, 25 except that substrate used was catechol. 
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Fig. 28. Effect of tyramine concentration on oxygen up t a t e . 
The incubation mixture was the same as described, 
for H g , 25 except that subst ra te used was tyramiiie 
O 
e.O 16 2 4 32 
Mi'cromoleS Tyramine 
0.2 O.A 0.6 0.8 1.0 
I _6 
-FXIO M 
Fig. 29» Effect of p-cresol concentration on oxygen uptake. 
The incubation mixture was the same as described 
for H g , 25 except that the subs t ra te used was 
p -c re so l . 
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Table X7II 
A f f i n i t y of Various S u b s t r a t e s Towards Phenolase Complex 
of P.soinniferum 
S u b s t r a t e Km 
DOPAMINE 2 . 5 X 10""^ M 
DOPA 3 . 3 X 1 0 " ^ M 
Catechol 4 . 3 x 10"^ M 
Tyramine 4 .3 x 10" M 
p - c r e s o l 4.7 x 10 M 
DO 
Table XVIII 
Effect of I n h i b i t o r s 
The main compartment of Warburg f l a sk , i n a t o t a l volume 
of 1.8 ml, contained 80 ;imoles of sodium phosphate buffer, 
pH 7»0, 94 p.g of 32 fold pur i f ied enzyme prote in and varying 
concentrat ions of i n h i b i t o r s as indica ted . The side arm 
contained 4 jiumoles of DOPAMINE i n 0,2 ml. 
Inh ib i to r Concentration Inh ib i t ion 
(jtimoles) {%) 
Potassium cyanide 
8-hydroxyquinoline 
Sodium die thyl dithiocarbamate 
Thiourea 
Semicarbazide 
0.1 
0.5 
1.0 
4.0 
0.2 
0.5 
1.0 
2.0 
0.1 
0.5 
1.0 
0.0025 
0.005 
0.01 
0,05 
0.2 
1.0 
4 .0 
20 
37 
49 
56 
100 
12 
37 
69 
100 
15 
91 
100 
12 
16 
33 
57 
100 
11 
47 
100 
1 9 1 
P,somniferum phenolase complex were inh ib i t ed by resp i ra tory 
i n h i b i t o r s such as cyanide and 8-hydroxyquilioline : 8-hydroxy-
quinoline was more s t rong i n h i b i t o r . Semicarbazide was l ess 
i n h i b i t o r y . Sodium die thyl dithiocarbamate and th iourea , 
spec i f ic i n h i b i t o r s of copper containing enzymes, very strongly 
inh ib i t ed the enzyme a c t i v i t y (Table XVIII), 
VII . 
0 N 
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The demonstration of the presence of phenolase coc^lex 
^^ P«soinniferuin i s an i n t e r e s t i n g finding. The enzyme catalyzes 
the oxidation of p -c reso l , tyramine, DOPA, DOPAMINE and catechol 
(Table V I I ) . This enzyme d i f fe r s from laccase i n that i t does 
not catalyze the oxidation of hydroquinone , v a n i l l i n and 
p-phenylenediamine. In terms of substra te s p e c i f i c i t y , the 
phenolase complex of P.somniferxim i s i d e n t i c a l to that of Keil in 
and Mann (74)» Ludwig and Nelson (76) and Perkinson and Nelson 
(83) except t l ^ t i t does not oxidise tyrosine e i the r i n absence 
or in presence of added o-diphenol such as ca techol . I t a lso 
d i f fe r s from catechol oxidase of tea leaves (110) and tobacco 
leaves (111) which do not oxidise monohydric phenols l ike 
p-cresol and tyramine. Since the phenolase contplex of P,somni-
ferum oxidises p-cresol without added o-diphenols, i t d i f fers 
from the enzyme of Bordner and Nelson (112), The substrate 
spec i f ic i ty s tudies suggest the presence of a d i s t i nc t phenolas 
complex i n P.somniferum e x t r a c t s . Manometric s tudies and the 
s tudies on the formation of the products have shown that plant 
ex t r ac t s are free from laccase and amine oxidase. The Phenola: 
l O ' * o 
complex i s widely d i s t r i bu t ed in a l l the t i s sues of P.somniferum. 
Very high concentrat ions of t h i s enzyme i n buds and f ru i t s 
suggest that t h i s enzyme might be involved i n protect ive coating 
and functional as well as advent i t ious browning (96) , 
The optimum pH for monophenol oxidation has been found 
to be 7«8, with crude as well as p a r t i a l l y pur i f ied enzyme 
prepara t ions . This i s i n agreement with the r e s u l t s obtained 
by James et_.al. (102) with belladona enzyme. With acetone 
powder e x t r a c t , the pH-act ivi ty curve of DOPAMII^  showed two 
optimum values a t 6.2 and 8 ,6 . This might be due to the 
associa t ion of non-specific protein with the enzyme molecule 
which might be dissocia ted a t different hydrogen ion concentra-
t i o n s thus f a c i l i t a t i n g the enzyme subs t ra te complex formation 
Fig. 14 )• 
The Phenolase complex of Prsomniferum i s inh ib i t ed by 
semicarbazide, hydroxylamine and sodium su lph i t e . The i n h i b i -
t ion observed by heavy metal reagents such as sodium azide and 
potassium cyanide suggested tha t the enzyme i s a metal lo-prote in . 
The inh ib i to ry effect of sodium diethyldithiocarbamate 
104 
salicylaldoxime, potassium ethyl xanthate and thiourea suggested 
that Phenolase complex of P.somniferum may be a copper contain-
ing pro te in . The strong inh ib i to ry effect of thiourea suggested 
and confirned the absence of plant amine oxidase i n P.somniferum 
since thiourea i s known to ac t iva t e plant amine oxidase (97). 
That phenolase complex of P.somniferum i s a copper containing 
protein was further supported by observations that the ac t iv i ty 
was inh ib i t ed by Ag , Au , and Hg ions which are known to 
compete with copper (113)• 
The complete recovery of a c t i v i t y of sodium d i e thy ld i t h -
iocarbamate inh ib i t ed enzjrae by added cupilc ions fully support-
ed the view that phenolase complex of P.somniferum i s a meta l l -
oprotein containing copper. Tenebaum and Jensen (100) suggested 
tha t copper i s presumably bound to the enzyme prote in by coordi-
nate bonds. The copper par t of the molecule i s probably the 
chief anchoiring group. The fixing of the free bonds of copper 
part of enzyme by addition of cer ta in reagents leads to inac t iva-
t i o n . The l i be ra t i on of these bonds by cupric ions leads to 
r eac t i va t i on . I t i s unl ikely that any loss in a c t i v i t y and i t s 
5 
reversal are due to f i r s t reduct ion and then oxidation of cupric 
part of the molecule. 
The inh ib i t i on of the enzyme by Hg might be due to i t s 
++ 
competition with Gu . The progressive recovery of the a c t i v i t y 
by added glutathione and cysteine may be due to the gradual 
removal of mercury by binding with i t . 
The i n h i b i t i o n of p a r t i a l l y pur i f i ed preparations of 
enzyme by potassium cyanide and 8-hydroxyquinoline suggested that 
t h i s enzyme m i ^ t have a ro le in terminal oxidation (114). 
The enzyme was inac t iva ted during the course of reac t ion . 
These observations are i n accordance with those observed by many 
workers using different sources of enzyme (76,77,79,93,101,102). 
According to Ludwig and Nelson (76) the inac t iva t ion i s not due 
to product i n h i b i t i o n but occurs as soon as catechol i s 
oxidised. According to Nelson and Dawson (78) t h i s i s due to 
some factor inherent in ca techol - enzyme- oxygen system. 
The oxidative inac t iva t ion of P.somniferum phenolase 
complex i t s e l f during the oxidation of i t s subst ra te has been 
demonstrated. This i s a well documented but l i : t l e understood 
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phenomenon (115,116). Phenolase complex not only i t s e l f i s 
inac t iva ted during i t s act ion but can inac t iva te other enzymes 
as wel l . Schroeder and Adams (117) and Jonnard and Thompson 
(118) have showed the p a r t i a l i nac t iva t ion of renin by th i s 
enzyme in absence of added phenolic compound. More accelerated 
inac t iva t ion of renin by phenolase complex in presence of DOPA 
or catechol has been demonstrated by Schroeder and Adams (117) 
and Soloway and Oster (119). I nh ib i t i on of pepsin, t rypsin and 
chymotrypsin in presence of phenolase complex-catechol system 
has been observed by Sizer and Brindley (104). Kertsz and 
Casel l i (120) have shown that lysoz;yTiie i s completely inact iva ted 
by phenolase complex catechol system even when separated from 
the oxidase by a cellophane membrane, 
Sizer (121) believed that t h i s inac t iva t ion might be due 
to the a t tack of t h i s enzyme on the phenolic hydroxyl group 
ava i lab le at the surface of the protein molecule. His s tudies 
have shown that only a small f rac t ion of the t o t a l tyrosine of 
the prote in i s oxidised by tyrosinase and that each tyrosyl 
group does not appear to undergo a very extensive oxidation. 
ID 7 
This suggests that other groups on the protein molecule such as 
amino, imino, sulfhydryl and free heterocyclic groupings might 
be involved (122). 
The inh ib i t i on of ascorbic acid oxidase by phenolase 
complex of P.somniferum i s an i n t e r e s t i n g finding in the 
present context. In view of the fact that oxidative enzyme l ike 
phenolase complex has been shown to act on ce r t a in proteins in 
v i t r o , i t seems poss ible that other nonproteolytic enzymes may 
also a t t ack native p ro t e in s . In p a r t i c u l a r the ac t ion on 
proteins of such enzymes as deaminases, decarboxylases, dehydro-
genases and ce r ta in oxidases deserve careful study. Such inves -
t i ga t i ons may provide a p a r t i a l i n t e r p r e t a t i o n of the great 
l i a b i l i t y of prote ins in l i v ing system. 
Manometric and iodometric s tud ies have shown that o-quin-
ones are formed by the act ion of P.somniferum ex t r ac t s on 
various phenols. I t was therefore desirable to i s o l a t e o-quin-
ones from react ion mixture. The anilinoquinones produced by 
the action of phenolase complex on catechol i n presence of 
aniliite have been i so la t ed and i d e n t i f i e d . The react ions 
108 
leading to the formation of d i an i lno - o-benzoquinone may be 
represented as follows: 
OH 
U 
(Catechol) 
R 
C03 
Phenolase 
Complex 
:0 
(o-benzoquinone) 
0 
II 
H 
'N NH 
^^^^-^ 
(Aniline) 
(Dianilmo-o- benz oquinone) 
The dianilinohomoq.iii none a n i l could be obtained by the 
oxidation of p-cresol i n presence of phenolase complex and 
a n i l i n e . 
9H 
C03 
(P-cresol) 
Phenolase 
Complex 
OH 
,0H 
(Homocatecol) 
CO 3 
Phenolase 
Complex 
CH3 
(Homoquinone) 
r ^ ^ ^ 
^ ^ ^ ^ N H 2 
(Dianilinohomoquinoneanil) 
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I t appears that the f i r s t stage in the ac t ion of pheno-
lase complex on the monohydric phenols i s the in t roduct ion of a 
second hydroxyl group i n the o r tho- posi t ion to the f i r s t , 
producing a catechol der ivat ive which i s then oxidized to 
corresponding quinone. 
The oxidation of tyramine and DOPAMINE, the formation of 
quinones and eventual deposit ion of black react ion products 
suggested that the following pathway might be operat ive i n 
opium p l an t . 
CH2 CH2NH2 CH2 CH2NH2 
CO! 
-> 
OH 
TYRAMINE 
Phenolase 
complex 
CHo CH9NH9 
1 
^ - 0 
II 
0 
>°T Vi J[ J —> —v melanin 
H 
no 
The oxidation of DOPA by P«somniferum acetone powder 
extract was accompanied with carbon dioxide evolut ion and 
decarboxylation was completely inh ib i t ed under ni trogen atmos-
phere (K-g. 8 ) . This led us to believe tha t some oxidation 
product of DOPA i s decarboxylated. Therefore the oxidation of 
DOPA and i t s t r ans format ionto melanin may be envisaged as shown 
i n Fig, 1. 
Analysis of the Km values with p a r t i a l l y purif ied 
preparat ions showed tha t the phenolase complex has higher 
a f f i n i t y for DOPAMINE and DOPA i n comparison to other mono- and 
di hydroxy-phenols. 
I t seems appropriate at t h i s time to comment on the 
r e l a t ionsh ip of the present work to the biogenesis of opium 
a lka lo id s . Most of the theor ies on the formation of morphine 
type a lka lo ids are va r i a t ions of a scheme derived from sugges-
t i o n s of Winterstein and Tr ie r (123) who were the f i r s t to 
suggest that phenylalanine could serve as the precursor of 
phenylethylamine and phenylacetaldehyde der iva t ives which could 
Ill 
combine to give the skeleton of the benzylisoquinoline alkaloids 
(eqn. VII) 
Equation VII; 
^-^^ WW") NH2 
I 
NH-
Squation VIII : 
Gulland and Robinson (124) proposed intramolecular aromatic 
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coupling react ion of the benzylisoquinoline to furnish the 
hydrophenantherine skeleton (Eqn. V I I I ) . These and subsequent 
theor ies (125,126,127,128,129,130) included attempts to 
es tab l i sh more de ta i led mechamisms, 
Battersoby and Harper (131) and Leete (132) independently 
fed CI4- labe l led tyrosine to P.somniferum and observed the 
formation of radioact ive morphine, a hydrophenantherine 
a lka lo id , Battersby and Bink (133) showed that spec i f ica l ly 
labe l led norlaudanosine when fed to mature P.somniferum, 
radioact ive morphine could be i so l a t ed from the p l an t s . This 
led to the be l i e f that tyrosine i s the precursor of morphine. 
But t h i s could only be said with c e r t a i n i t y i f norlaudanosine 
could be es tab l i shed de f in i t e ly as one of the na tura l biosyn-
t h e t i c in t e rn^d iabes , Stermitz and Rapoport (134) were t i e 
f i r s t to point out tha t norlaudanosine might be a substance 
completely foreign to P.somniferum« as i t has not yet been 
i s o l a t e d as na tura l product. Further argument advanced by 
Stermitz and Rapoport against the basic biogenetic schemes 
(Eqn, VII and VIII) was that feeding labe l led tyros ine to plants 
I " 9. t i 
gave very low yie lds of radioact ive morphine. 
I f tyrosine i s a major precursor of opium alkaloids i t 
would be expected to give be t t e r incorporation and yei lds than 
1 A 
repor ted . In presence of C Op the incorporat ion as well as 
yields of morphine was much h i ^ e r than when tyrosine was fed 
to P«somniferum (135). The incorporat ion achieved was more in 
l ine with what might be expected from a minor precursor or even 
t h r o u ^ an aberrant syn thes i s . This p o s s i b i l i t y i s also raised 
by the i n t e r e s t i n g r e s u l t s of Kleinschmidt and Mothes (136) who 
showed a higher incorporat ion i n to a lka lo ids of P.somniferum 
from glucose than from ty ros ine , although generally accepted 
metabolic pathways ind ica te that tyrosine i s formed from 
glucose. On the bas is of these s t u d i e s , i t i s f e l t that new 
proposals are required for b iosynth is i s of benzylisoquinoline 
as well as phenantherine type of a lka lo id s . 
Another confusing aspect of the problem i s that tyrosine-
2-C as well as phenylalanine-2-G give r i s e to morphine 
group of a lka lo ids in P.somniferum (137,138). These r e su l t s 
appear t o be somewhat baff l ing i n that there seems to be no 
1 : 4 
reasonto believe that tyrosine i s fonned from direct hydroxy-
l a t i o n of phenylalanine i n p l a n t s . Both amino acids appear to 
or iginate from independent pathways i n p lan ts (139). This 
suggests that incorporation of both amino acids in nor- laud-
anosine as well as morphine group of a lkaloids i s perhaps 
t h r o u ^ an aberrant syn thes i s . 
I t seems therefore that at present two contras t ing 
views are ex i s t ing about the biosynthesis of nor-laudanosine 
of morphine. F i r s t , tha t these a lka lo ids are derived from 
tyros ine or t h e i r biochemical equivalent and second, that these 
a lka lo ids are not derived from tyrosine or i t s biochemical 
equivalent . To confirm any of these p o s s i b i l i t i e s i t becomes 
necessary to study these biogenetic sequences purely from 
enzymolo^cal point of view. The formation of nor-laudanosine, 
according to the de ta i led scheme of Robinson must consist the 
115 
following sequential s t e p s . 
CH2CH{NH2)COOH CH2CH2NH2 CH2CHO 
3, A -dihyd roxyphenyloce taldehyde 
nor-laudanosine 
The f i r s t two steps of t h i s scheme must be catalyzed by 
DOPA decarboxylase and the amine oxidase respect ively i f i t i s 
operative i n P.somniferum p lan t . The absence of DOPA decarboxy-
lase as well as amine oxidase suggested that perhaps Robinson's 
scheme for the biogenesis of laudanosine i s not operative in 
opium plant and supported Rapoport 's suggestions that reported 
incorporat ion of tyrosine and phenylalanine i n to opium alkaloids 
i s e i t he r through minor pathways or due to aberrant synthes is . 
V I I I . S U M M A R Y 
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1. The crude homogenates of roo ts , leaves , stems, f r u i t s , buds 
and whole seedlings of P.somniferum or acetone powder 
ex t rac t s of whole plant are capaole of oxidising DOPA. The 
oxidation of DOPA by the plant ex t r ac t s suggested the 
presence of amino acid oxidase, amine oxidase or phenoiase 
complex in P.somniferum. But since tyrosine and phenylalanine 
were not oxidised over a wide range of pH (5.0 to 9.0) i t was 
unlikely that t.he oxidation of DOPA i s due to amino acid 
oxidase. 
2. Rapid evolution of carbon dioxide by the crude homogenates 
of roo t s , l eaves , stems, f r u i t s and whole seedling ex t rac t s 
of plant i n presence of DOPA has been observed. This sugges-
ted the po s s i b i l i t y of the presence of DOPA decarboxylase i n 
the p lant . But since t h i s decarboxj'lation was accompanied 
vri-tli oxidat ion, i t was also poss ible that f i r s t DOPA i s 
oxidised and the r e su l t i ng product i s then decarboxylated, 
'£IB complete i n h i b i t i o n of decarboxylation of DOPA under 
nitrogen atmosphere suggested that carbon dioxide evolution 
may not be due to decarboxylation of DOPA i t s e l f but i t could 
be due to decarboxylation of some oxidation product of DOPA. 
3 . To t e s t the p o s s i b i l i t y that oxidation of DOPA might be due 
to the act ion of amine oxidase, a search for the presence of 
amine oxidase i n P.somniferum was made by studying the 
oxidation of various amines by the e x t r a c t s . None of the 
amines except those whicli contained hydroxyl group in the 
aromatic nucleus (DOPAI-illlE and tyramine) were oxidised, 
u . Cadeveilne and putrescdne, the best subs t ra tes of amine 
oxidase were not at a l l oxidised. The f a i lu re to demonstrate 
the presence of amine oxidase i n P.somniferum suggested that 
the observed oxidation of DOPA was perhaps due to phenolase 
complex, 
4 . The oxidation of DOPMINS and tyramine was not accompanied 
with ammonia and hydrogen peroxide formation. Thus the 
oxidation of these subs t ra tes could not be due to amine 
oxidase a c t i v i t y , 
5 . To t e s t the p o s s i b i l i t y t t e t the oxidation of DOPA, DOPAMTNE 
and tyramine by the ex t r ac t s of P.somniferum might be due to 
phenolase complex, the ab i l i t y of the ex t r ac t s to oxidise 
other phenolic compounds was s tudied . The crude homogenate 
of the plant oxidised catechol and p -c re so l . Hov/ever, 
m-cresol was not oxidised. Tyrosine was not oxidised even in 
presence of added ca techol . These r e s u l t s suggested the 
presence of a d i s t i n c t phenolase complex i n P.somniferum 
which i s different from the tyros inases so far known. I t i s 
also different from laccase because i t does not oxidise 
hydroquinone, v a n i l l i n and p-phenylenediamine . 
6. The oxidation of DOPAKIIIE was strongly inh ib i ted by th iourea . 
The inhibi tory effect of th iourea suggested the absence of 
1 
plant amine oxidase i n P.somniferum since thiourea i s known 
to ac t iva te the amine oxidase. 
7 , The phenoiase complex of P.somniferum i s inh ib i t ed by semicar-
bazide, hydroxylamine and sodium s u l p h i t e . The inh ib i t ion 
observed by sodium a,zide and potassium cyanide suggested that 
the enzyme i s a meta l loprote in . The inh ib i to ry effect of 
sodiumdiethylditiiiocarbamate, sal icylaldoxime, potassium 
ethylxanthate and thiourea showed tha t phenoiase complex of 
P.somniferum may be a copper containing p ro te in . ^ The 
phenoiase complex of P.somniferum i s a copper containing 
protein was fur ther supported by observations that the 
a c t i v i t y was inh ib i t ed by heavy metal ions l ike Ag , Hg 
and Au"*"**"*" which are known to compete v/ith copper. These 
r e s u l t s together with other observed evidences suggest that 
phenoiase complex of P.somniferum i s a copper containing 
p ro t e in . 
8, The enzyme was inac t iva ted during the course of reac t ion . 
These observations are in accordance v/ith the work of e a r l i e r 
workers. The mechanism of i nac t i va t i on i s not c lear ly 
understood. 
9, Phenoiase complex not only i t s e l f i s inac t iva ted during the 
course of i t s act ion but can i n a c t i v a t e ascorbic acid 
oxidase as wel l . Although the reason for such inac t iva t ion 
lid 
i s not known but fur ther inves t iga t ions may provide a p a r t i a l 
i n t e rp re t a t i on of the great l a b i l i t y of p ro te ins i n l iv ing 
system, 
10. The formation of quinones during the oxidation of DOPAMINE, 
DOPA, catechol , p -c reso l and tyramine by ex t r ac t s of P.somni-
ferum has been demonstrated. Dianilino~o-benzoquinone and 
dianilinohomoquinoneanil produced by the ac t ion of phenolase 
complex on catechol and p -c r e so l , r espec t ive ly , have been 
i so la t ed and i d e n t i f i e d . I t i s bel ieved, there fore , that 
f i r s t step i n the oxidation of monophenols i s o-hydroxylation 
resu l t ing i n the formation of diphenols and o-benzoquinones 
are formed by the oxidation of diphenols. 
1 1 . The oxidation of DOPAMIIS, DOPA and tyramine, formation of 
o-benzoquinones and eventual deposit ion of black react ion 
product suggested that the pathway of melanin biosynthesis 
may be operative i n P.somniferum, 
12. The phenolase complex has been pur i f ied 47-fold from the 
acetone powder e x t r a c t s of P.somniferum using ammonium 
sulphate p r ec ip i t a t i on method, CM-cellulose and DSAE-
cel lu lose chromatography. The proper t i es of puri f ied prepa-
ra t ions have been s tudied. The s u b s t r a t e s , DOPAMIIJE, DOPA, 
catecho, p-cresol and tyramine which v/ere oxidised by crude 
homogenates were a lso oxidised by p a r t i a l l y pur i f ied prepara-
t i o n s . The pH-act ivi ty curves of monophenols e . g . , p-oresol 
1 ^ iJ 
and tyramine show optimum act iv i ty .around pH 7 ,8 . The 
diphenols on the other hand show lack of v/ell defined optimum 
pH with maximum oxygen uptal^e around pH 7.5 (DOPAMIIS and 
DOPA) and pH 6.0 (ca techo l ) . Analysis of the Km values 
showed that phenolase complex of P^somniferum has highest 
a f f in i ty for DOPAMINE, Higher concentrations of tyramine were 
inh ib i to ry for the enzyme a c t i v i t y . The enzyme was inhib i ted 
by copper chela t ing agents . I t was a l SD inh ib i t ed by respira-
tory i n h i b i t o r s l ike cyanide and S-hydroxyqulnoline. 
13. The presence of phenolase complex i n r e l a t i on to melanin 
biosynthesis and the f a i l u r e to demonstrate t i e presence of 
DOPA decarboxylase and amine oxidase in P.somniferum i n 
r e l a t i on to the biogenesis of opium alkaloids have been 
discussed. 
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